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THE ASSOCIATION. 


OBJECTS. 

The Association contemplates no interference with the ground occupied hy 
other institutions. Its objects arc : — To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one an- 
other and with foreign pliilosopliers, — to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public land 
which impede its progress. 

11 U L E S. 

Admission of Members and Associates, 

All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its llules. 

The Fellows and Members of Chartered Literary and Philosojdiieal So- 
cieties publishing Transactions, in tin* British Empire, shall be entitled, in 
like manner, to become ^[embers of the Association. 

The Ofiicors and Members of the Eoiineils, or ^Managing Committees, of 
Philosophical Institutions shall bo entitled, in like manner, to become Mem- 
bers of the Association. 

All Memhers of a Philosopliical Tustitution recommended by its Council 
or Managing Committee shall be entitled, in like manner, to become ^[em- 
bers of the Association. 

Persons not belonging to such Tn.stitutions shall be elected by the General 
Committee or Council, to become Life ^lembers of the Association, Annual 
Subscribers, or Associates for the year, subject to tlu‘. approval of a General 
Meeting. 

Compositions, Subscriptions, and Privileges* 

Life Midibers shall pay, on admis.sion, the sum of Ton Pounds. They 
shall receive (jratnitonslfj the lloports of the Association wlRch niav be pub- 
1872. 
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lished after ilie date of such payment. They are eligible to all the offices 
of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the Peporis of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. Py omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
future years the priviregc of receiving the volumes of the Association gratis : 
but they may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They arc eligible to all tlic Offices of the Association. 

Associates for the year sliall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Peports of the Association, nor bo 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Mcmbersliip after in- 
termission of Annual Payment.] 

4. Annual Members admitted in any year since 1 830, subject to the pay- 
ment of Tw’O Pounds for the tii’st year, and One l^onnd in each following year. 
[May resume their Membership after intermission of Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates wdll be entitled to receive the annual 
volume of Peports, gratis, or to it at reduced (or Members’) piice, 

according to the following specification, viz. : — 

1. Gratis, — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and previous to 1 845 a further 
sum of Two Pounds as a Pook >Subscription, or, since 1845, a 
further sum of Five Pounds. 

New Life Members who have paid Ton Pounds as a composition. 

Annual Members who have not intermitted their Anniud Sub- 
scription. 

2. At reduced or Mcmlers Prices, viz. two thirds of the Publication 

Price.- — Old Life iVlembors who have paid Five Pounds as a 
composition for Annual Paynicnts, but no further sum as a 
Pook Subscription. 

Annual Members who have intcrniittc d tlicir Annual Subscription. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of comjdcting their sets) any 

of the first seventeen volumes of Trfmsactions of the As.socia- 
tion, and of winch more than 100 coj/us remain, atone third of 
the Publication Price. Application to be made at the Office 
of the Association, 22 Albemarle Street, London, V. 
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Volumes not claimed -within two years of the date of puhlication can only 
be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


Mee lings* 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall he appointed by the (General Committee two years in 
advance ; and the Arrangements for it shall be entrusted to the OfHeers of 
the Association. 


General Committee* 

The General Committee shall sit during the week of the IMecding, or 
longer, to transact the business of the Association. It shall consist of the 
following persons ; — 

Class A. Permanent Members. 

]. Members of the Council, Pre.sidenis of the Association, and Presidents 
of Bcctions for the present and preceding years, with Authors of Ih^ports in 
the Transactions of the Association. 

2. ]\[embers -who hy the publication of Works or Papers have furthered 
the advancement of those sul)jects which are taken into consideration at the 
Sectioniil Meetings of the Association, <t run' of new claims 

vndcr tJils Jxale to the (Icclsion of iJiC ConnilJ, ting mast Ic s(nf to the Assistant 
(leneral S(cr(tarji at hast one month lx fore the ^Icdlng of the Association, 
The ihdsion of the Council on the claims of an g ]^hn\hcr of the to 

he jglaccd on the list of the General Committex to le final* 

Cr,\ss B. TEMroRAUY Membkes. 

1 . Presidents for the time being of any Seientitic Societies pu})]ishing Tians- 
aetions or, in liis ahscMu c, a delegate repre'senting liiin. Claims vmh r this Buie 
to be S(nt to the Assistant General I^ecntarg Ixforc the ojiening of the Meeting* 

2. Ofticc-hearers for the time being, or d(‘logales, altogether not exceeding 
three, from Scientific Institutions established in the ]dacc of Meeting. 
Claims under this Bide to he ajgtrovcd hy the Local Sccr( fades before the 
oj^cning of the Meeting, 

B. Foreigners and other individuals whose nssistanee is desired, and wlio 
are specially nominated in writing, for tlie ^Meeting of the year, hy the Pre- 
sident and General Secretaric**^. 

4. Vice-Presidents and {Secietarics of Sections. 


Organizing Sectional Committees'^^, 

The Presidents, Vice-Presidents, and Secretaries of the seVeJ'al Sections 
arc nominated h)' the (’ouncil, and liavc power to act until their names arc 
submitted to the General Coininiltec for election. 

From the time of tlieir nomination th('y constitute Organizing Committees 
for the purpose of obtaining information upon the ^lemoirs and Peports 
likely to be submitted to the Scctioiist, ami of preparing lleports thereon, 


* Passed by llic Grncrnl Committco, lulinburgli, B^Tl. 

t ((' Contrihvii'rs <>f Authors are reminded tliat, under an niTaugt'- 

ment dating from 1871, the occeptanco of Momoivp. ond the. days on whkh they arc to bo 

h 2 
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and on tlie order in whicli it is desirable that they should be read, to bo pre- 
sented to the Committees of the Sections at their first Mcetinp:. 

An Organizing Committee may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, luider any circum- 
stances, meet on the first Wednesday of the Annual Meeting, at 11 a.m., to 
settle the terms of their Report, after which their functions as an Organizing 
Committee shall cease. 

Constitution of the Sectional Committees'^, 

On the first day of the Annual Meeting, the President, Vice-Presidents, 
and Secretaries of each Section having been appointed by the General Com- 
mittee, these Officers, and those previous Presidents and Vice-Presidents of 
the Section who may desire to attend, are to meet, at 2 r.M., in their Com- 
mittee Rooms, and enlarge the Sectional Committees by selecting individuals 
from among the ^Members (not Associates) present at the Meeting whose as- 
sistance they may particularly desire. The Sectional Committees thus con- 
stituted shall have power to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute-Book, 
and a copy forwarded without delay to the Printer, who is charged with 
publishing the same before 8 a.m. on the next day, in the Journal of the 
Sectional Proceedings. 


Business of the Sectional Committees. 

Committee Meetings are to be hold on the Wednesday at 2 p.m., on the 
following Thursday, Priday, Saturday, Monday, and Tuesday, from 10 to 
11 A.M., punctually, for the objects stated in the Rules of the Association, 
and specified below. 

The business is to be conducted in the following manner: — 

At the first meeting, one of the Secretaries will read the ^linutes of last 
year’s proceedings, as recorded in the Minute-Book, and the Synopsis of 
Recommendations adopted at the last Meeting of the Association and printed 
in the last volume of fhc Transactions. He will next proceed to read the 
Report of the Organizing Committee f. The List of Communications to bo 
read on Thursday shall be then arranged, and the general distribution of 
business throughout the week shall be provisionally appointed. At the close 
of the Committee Meeting the Secretaries shall forward to the Printer a List 
of the Papers appointed to be read. The Printer is charged with publishing 
the same before 8 a.m. on Thursday in the Journal. 

On the second day of the Annual Meeting, and the following days, the 


read, are now as far as possible determined by Org.'inizlng Committees for the several 
Sections before the begimiing of the Meeting, It has therefore become necessary, in order 
to give an opportunity to tlio Committees of doing justice to the several Communications 
that each Author should prepare an Abstract of bis Memoir, of a length suitable for in- 
sertion in the published Transactions of the Association, and that he sliould send it, toge- 
ther with the original Memoir, by book-post, on or before addressed 

thus — “General Secretaries, British Association, 22 Albemarle Street, London, W. For 

Section If it should bo inconvenient to the Author that liis Paper should be read 

on any particular days, lie is requested to send information thereof to the Secretaries in a 
separate note. 

* Passed by the General Committee, Edinburgh, 1871. 

t This and the following sentence were added by the General Committee, 1871, 
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Secretaries are to correct, on a copy of the Journal, the list of papers which 
have been read on that day, to add to it a list of those appointed to be read 
on the next da}^ and to send this copy of the Journal as early in the day as 
possible to the Printers, who arc cliargcd with printing the same before 8 a.m. 
next morning in the Journal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Oflice and revise the proof each 
evening. 

Minutes of the proceedings of every Committee arc to be entered daily in 
the Minute-Book, which should be confirmed at llio next meeting of the 
Committee. 

Lists of the Ileports and !Nremoirs read in the Sections arc to be entered 
in the Minute-Book daily, which, with oil Memoirs and Cojyics or Abstracts 
of Memoirs furnished by Authors, are to be forwarded, at the dose of the Sec- 
tional Meetincfs, to the Assistant (xcncral Secretary. 

The Vice-Presidents and Secretaries of Sections become ex officio temporary 
Members of the General Committee {vide p. xix), and will receive, on ap- 
plication to the Treasurer in the licception Boom, Tickets entitling them to 
attend its ^kleetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in tlic volumes of the Association and the communi- 
cations made to the Sections at this Meeting, for the purposes of selecting 
definite points of research to which individual or combined exertion may ho 
usefully directed, and branches of knowledge on the state and progress of 
which Ileports are wanted ; to name individuals or Committees for the exe- 
cution of such Beports or researches ; and to state whether, and to what de- 
gree, these objects may be usefully advanced by the ajqu'opriation of the 
funds of the Association, hy application to Government, Philosophical Insti- 
tutions, or Local Authorities. 

In case of appointment of C-ommittees for special objects of Science, it is 
expedient that all Members of the Committee should be named^ and one of 
them appointed to act as Secretary, for insuriny attrition to business. 

Committees have power to a(id to their number persons whose assistance 
they may require. 

The recommendations adopted by the Committees of Sections arc to he 
registered in the Forms furnished to their Secretaries, and one Copy of each 
is to bo forwarded, without delay, to the Assistant-General Secretary for pre- 
sentation to the Committee of Becommendations. Cnhss this be done, (he 
liecommendafions cannot receive the sanction of the Association, 

N,B. — Becommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can be 
referred to the Committee of Becommendations or confirmed hy the General 
Committee. 


Notices Regarding Grants of Money, 

Committees and individuals, to whom grants of money have been entrusted 
by the Association for the prosecution of particular researches in Science, 
are required to present to each following Meeting of the Association a Boport 
of the progress which has been made ; and the Individual or the Member first 
named of a Committee to whom a money grant has been made must (pre- 
viously to the next meeting of the Association) forward to the General 
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Secrotanes or Ti’casurer a statement of the sums wliich have been expended, 
and the balance which remains disposable on each grant. 

Grants of money sanctioned at any one meeting of the Association expire 
a weelc before the opening of the ensuing Meeting; nor is the Treasurer 
authorized, after that date, to allow any claims on account of such grants, 
unless they bo renewed in the original or a modified form by the General 
Committee. 

No Committee shall raise money in the name or under the auspices of the 
British Association without special permission from the General Committee 
to do so ; and no money so raised shall bo expended except in accordance 
with the rules of the Association. 

In each Committee, the Member first named is the only person entitled to 
call on the Treasurer, W. Bpottiswoodc, Esq., 50 Grosveiior Place, London, 
S.W., for such portion of the sums granted as may from time to time bo 
required. 

Ill grants of money to Committees, the Association docs not contemplate 
the payment of personal expenses to the members. 

In all cases where additional grants of money arc made for the continua- 
tion of liesearches at the cost of the Association, the sum named is deemed 
to include, as a part of the amount, whatever balance may remain unpaid on 
the former grant for the same olqect. 

All Instruments, Papers, Drawings, and other property of the Association 
are to be deposited at the OlFice of the Association, 22 Albemarle Street, 
Piccadilly, London, W., when not employed in carrying on scientific inquiries 
for the Aesocialion. 


Business of the Seciiojis, 

The Meeting Hoorn of each Section is opened for conversation from 10 to 
11 daily. The Section liooms nnd (ippro((cIies thereto can he used for no notices, 
exhibitions, or other purposes than those of the Association, 

At 11 iircciscly the Chair will be taken, and the reading of communica- 
tions, in the order previously made public, bo commenced. At 5 r.ii. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Jlepartments, as oi'len as the number and nature of the communications de- 
livered in may render such divisions de.-^irablo. 

A Ihtport presented to the Association, and read to the Section which 
originally called for it, may bo read in another Section, at the request of the 
Officers of that Section, with the consent of the Author, 


Duties of the Doorkeepers. 

1. lo remain constantly at tlio Doors of the Ilooms to which they arc ap- 

pointed during the whole time for which they arc engaged. 

2. — To require of every person desirous of entering the Booms the exhibi- 

tion of a Member’s, Associate’s or Lady’s Ticket, or Beporter’s Ticket, 
signed by the Ti'casurer, or a Special Ticket, signed by the Assistant- 
General Secretary. 

3. — Persons unprovided with any of these Tickets can only be admitted to 

any particular Boom by order of the Secretary in that Boom. 

^ No person is exempt from these Buies, except those Officers of the Asso- 
ciation whoso names are printed in the Programme, p. 1, 
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Duties of the Messengers. 

To rcmaia constantly at tho Eooma to which they arc appointed, during 
tho whole time for which they are engaged, except when employed on mes- 
Bagos hy one of the Officers directing these Rooms. 


Committee of Recommendations. 

Tho General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the llecommendations of the Sectional Committees, 
and report to tho General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Researches, 
and Reports on Scientific Subjects shall be submitted to tho Committee of 
Recommendations, and not taken into consideration by the General Committee 
unless previously roconimcnded by tho Committee of Recommendations, 


Local Committees. 

Local Committees sliall bo formed by tho Officers of tho Association to 
assist in making arraugoimmts for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whose assistance they may desire. 


Officers. 

A President, two or more Vice -Presidents, one or more Secretaries, and a 
Treasurer shall be annually appointed by the General Coiuiuitt(*e. 


CoiiucU. 

In the intervals of the ^Meetings, the affairs of the Association shall be ma- 
naged by a Council appointed by the General Ck)mnuttec. The Council may 
also assemble for the despatch of ])usiness during the week of tho Meeting. 


Papers and Communications. 

Tlie Autlior of any paper or communication shall be at liberty to reserve 
his right of property therein. 

Accounts. 

Tho Accounts of tho Association shall be audited annually, by Auditors 
appointed by the General Committee. 
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SIRW. ARMSTRONG, C.B., LL.D., • • • • ; • 

Newcastle-on-Tyke, August 20, 180J. 
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KEPORT — 1872. 


Presidents and Secretaries of t?ie Sections of the Association* 


Date and Place. Presidents. ! Secretaries. 


MATHEMATICAL AND PHYBICAL SCIENCES. 


COMMITTEE OE SCTEXCES, I. MATHEMATICS AND GENEIUL PHYSICS. 

1832. Oxford Davies Gilbert, D.C.L., E.E.S....jPev. K. Coddington. 

]833. Cambridge Sir D. Prewster, F.R.S Prof. Forbes. 

1834. Edinburgh Rev. W. Wliowcll, F.R.S jProf. P'orbes, Prof. Lloyd. 


SECTION A. MATHEMATICS AND PHYSICS. 

1835. Dublin Rev. Dr. Robinson Pi’of. Sir W. B. ITamiUon, Prof. 

I Wheatstone. 

1830. Bristol Rev. William Whewell, F.R.S....! Prof. Forbes, W. S. Harris, F. W. 

Jerrard. 

1837. Liverpool .. Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell, Prof. 

Stevelly. 

1838. Newcastle... Sir J. F. W. Ilerschcl, Bart, Rev. Prof. Chcvallier, Major Sabine, 

F.R.S. Prof. Stevelly. 

1839. Birmingham Rev. Prof. W'hewell, F.R.S J. D. Chance, W. Snow Harris, Prof, 

Stevelly. 

1840. Glasgow ... Prof. Forbes, F.R.S Rev. Dr, Forbes, Prof. Stevelly, Arch. 

Smith. 

1841. Plymouth... Rev. Prof. Lloyd, F.R.S Prof. Stevelly. 

1842. Manchester Very Rev. G. Peacock, D.D., Prof. MLhillocb, Prof. Stevelly, Rev, 

P.R.S. W. Scoresby. 

1843. Cork Prof. M‘Culloeb, M.R.T.A J. Noth Prof. Stevelly. 

1844. York... The Earl of Rosse, F.R.S Rev. Win. Hey, Prof. Stevelly. 

1845. Cambridge. . The Very Rov. tlic Dean of Ely . Rev. TT. Goodwin, Prof. Stevellv, G. 

G. Stokes. 

1846. Soutliampton Sir tTolm F. W. Ilerschcl, Bart, .Tobn Drew, Dr. Stevelly, G. G. 

F.R.S. Stoics. 

1847. Oxford Rev. Prof. Powell, M.A., F.R.S. . Rev. H. Price, Prof. Stevelly, G. G. 

Stoke.^. 

1848. Swansea Lord Wrottesley, F.R S Dr. Stevelly, G. G. Stokes. 

1840. Birmingham William Hopkins, F.R.S Prof. Stevelly, G. G. Stokes, W. 

Riclout Vv'ilJs. 

1850. Edinburgh .. Prof. J. D. Forbes, F.R.S., Sec W. J. Mnequorn Rankine, Prof, 

R.S.E. Smytli, Prof. Stevelly, Prof. G. G. 

Stokes. 

1851. Ipswich Rev. W. Whewcll, D.D., F.R.S., S. Jackson, W. J. Maeqnorn Rankine, 

&c. Prof. Stevelly, Prof. G. G. Stokes. 

18,52. Belfast Prof. W. Thomson, M.A., F.R.S. Prof. Dixon, W. J. Macquorn Kan- 

L. A E. kino, Prof. Stevelly, J. Tyndall. 

1853. Hull The Dean of Ely, F.R.S B. Blaydes Haworth, J. 1). Sollitt, 

Prof. Stevellv, J. Welsh. 

1854. Liverpool... Prof. G. G. Stokes, M.A., See. J. Ilarlnnp, ll. G. Puckle, Prof. 

R.S. Stevelly. J. Tyndall, J. Welsh. 

1855. Glasgow ... Rev. Prof. Kelland, M.A., F.R.S. Rev. Dr. Forbes, Prof. D. Gray, Prof. 

L. A E. Tyndall. 

1856. Clieltenbam Rev. R. Walker, M. A., F.R.S. ...C. Brooke, Rev. T. A. Soutliwoccl, 

Prof. Stevelly, Rev. J, C. Turnbull. 

1857. Dublin Rev.T. R. Robinson, D.D., F.R.S.. Prof. Curtis, Prof. Hennessy, P. A. 

M. R.I.A. Ninnis, W. J. Macquorn Rankine, 

I Prof. Stevelly, 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place. Presidents. Secretaries. 

1858. Leeds Rcv.W.Whcwell, D.D., V.P.E.S. Rev. S. Earnshaw, J. P. Ilennespy, 

Prof. Stevelly, II. J. S. Smith, Prof. 
^J^yndall. 

1859. Aberdeen ...The Earl of Rosse, M.A., K.P., J.P.IIenncssy, Prof. Maxwell, H.J.S. 

F.R.S. Smith, Prof. Stevelly. 

ISGO. Oxford Rev. B. Price, M.A., r.R.S Rev. 0. 0. Roll, Rev. T. Rennison, 

Prof. Stevelly. 

1861. Manchester . a. R. Airy, ]M. A., D.C.L., F.R.S.iProf. R. R. Clifton, Prof. IL J. S. 

Smith, Prof. StcvcHv. 

1862. Cumhridge.. Prof. a. O. Stokes, M.A., F.R.S.iProf. R. R. Clifton, *Prof. 11. J. S. 

I Smith, Prof. Stevelly. 

1865. Newcastle... Prof. W. J. Macqnorn Rankine,iRcv. N. Ferrers, Prof. Fuller, F’* Jen- 
C.E., F.R.S. 1 kin, Prof. Stevelly, Rev. C. T. 

! Whitley. 

1861. Rath Prof. Caylcv, M.A., F.R.S., Prof. Fuller, F. Jenkin, Rev. G. 

F.R.A.S. ‘ I Ruckle, Prof. Stevelly. 

1865. Rinningham W. Snottiswoodc, M.A., F.R.S., IRcv. T. N. Hutchinson, F. Jenkin, G. 

F.R.A.S. 1 S. IMathews, Prof. H. J. S. Smith, 

I J.M. Wilson. 

1860. Nottingham Prof. V\nieat.stone, D.O.L., F.R.S. Fleeming Jenkin, Prof. II. J. S. Smith, 

I Rev. S. N. Swann. 

1867. Dundee Prof. Sir W^ Thoni.gon, D.C.L.,'Rcv. G. Ruckle, Prof. G. C. Foster, 

F.R.S. I Prof. Fuller, I’rof. Swan. 

1868. Norwich ... Prof. J. Tyndall, LL.D., F.R.S... Prof. G. C. Fo.ster, Rev. R. Harley, 

j R. R. Hayward. 

1869. Exeter Prof. J. J. Sylvester, LL.D., Prof. G. C. Foster, R. B. Hayward, 

F.R.S. I W. K. Clifford. 

1870. Liverpool ... J. C'lerk Maxwell, M.A., LL.D., Prof. W. G. Adams, W. E. Clifford, 

F.R.S. I Prof. G. C. Fo..tor, Rev. W. Allen 

Whitworth. 

1871. Edinburgh . Prof. P. G. Tait, F.R.S.E 'Prof. W. G. Adam.s, J. T. Rottomley, 

I Prof. V/. K. Clifford, Prof. J. D. 
Everett, Rev. R. Hnrlev. 

1872. Brighton ... W. Do La Rue, D.C.L., F.R.S..., Prof. W. K. Clifford, J.W.L. Glaisher, 

j rr.)f. A. S. Hcrscliel, G. F. Rodwell. 

cjie:mtcal sciExNX’K. 

COMMIT TKE OF SCIKXC’ES, II. — CIIEMISTUY, MiNLEAT.OGT. 

18:12. Oxford 'John Dalton, D.C.L., F.R.S IJaines F. W. Johnston. 

iK'Kh Cambridge.. jjohn Dalltm, D.C.L., PMCS Prof. !Miller. 

1834. Edinburgh... Dr. Hope |Mr. John.ston, Dr. Cliristison. 

PECriON B. C1IJ:M1.ST11Y and MlNEilALOGY. 

38.35. Dublin jDr. T. Thomson, F.R.S Dr. Apjohn, Prof. John.ston. 

1836. Bristol Rev. Prof. Cunnning Hr. Apjohn, 33r. C. Henry, W. Hera- 

pat h. 

1837. Liverpool.. Micliaol Faraday, F.R.S Prof. Johnston, Prof. Miller, pr. 

l^cyr.olds. 

1838. Newcastle... Rev. William Whewell, F.R.S.... Prof. Miller. R. L. Patlinson, Thomas 

Richardson. 

1839. Birmingham Prof. T. Graham, F.R.S Golding Bird. M.D., Dr. J. R.Melsoii. 

1840. Glasgow ... Dr. Thomas Tlioinson, F.R.S. ... Dr. R. D. ^J’honi.son, Dr. T. Clark, 

" 3h\ L. Playfair. 

1841. Plymouth... Dr. Daubeny, F.R.S J. Pridcaux, Robert Hunt, W. M. 

Tweedy. 

1842. Manchester. John Dalton, D.C.L . F.R.S Dr. L. Playfair, R. Hunt, J. Graham. 

3843. Cork Prof. Apjohn, M.R.T.A R. Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.R.S Dr. R. inayfair, E. Solly, T. II. Barker. 

1845. Cambridge.. Rev. Prof. Cunnning... R. Hunt, J. P, Joule, Prof. Miller, 

E. Solly. 
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1840. Southampton Michael Faraday, D.C.L., F.P.S. Dr. Miller, R. Hunt, W. Randall. 

1847. Oxford Rev.W.V.Harcourt, M.A., F.R.S. B. C. Brodio, R. Hunt, Prof. Solly. 

1848. Swansea ... Richard Phillips, F.R.S T. H. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.R.S R. Hunt, O. Shaw. 

1850. Edinburgh . Dr. Christison, V.P.R.S.E Dr. Anderson, R. Hunt, Dr. Wilson. 

1851. Ipswich ... Prof. Thomas Graham, F.R.S — T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.D., F.R.S. . Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1853. Hull Prof. J. F. W. Johnston, M.A., H. S. Blundell, Prof. R. Hunt, T. J. 

F.R.S. Pearsall. 

1854. Lirerpool ... Prof. W. A. Miller, M.D., F.R.S. Dr. Edwards, Dr. Gladstone, Dr, 

Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B., F.R.S. . Prof. Franklaiid, Dr. H. E. Roscoe. 

1856. Cheltenham Prof. B. C. Brodie, F.R.S !J. Horsley, P. J. Worsley, Prof. 

i "V^oolckct* 

1857. Dublin Prof. Apjohn, M.D., F.R.S., Dr. Davy, Dr. Gladstone, Prof. Sul- 

M.R.I.A. I livan. 

1858. Leeds Sir J. F. W. Herschel, Bart., Dr. Gladstone, W. Odling, R. Rey- 

D.C.L. nolds. 

1859. Aberdeen ... Dr. Lyon Playfair, C.B., F.R.S. .J. S. Brazier, Dr. Gladstone, G. D. 

Livcing, Dr. Odling. 

1860. Oxford Prof. B. C. Brodie, F.R.S A. Vernon Harcouid, G. D. Liveing, 

A. B. Northcote. 

1861. Manchester. Prof. W. A. Miller, M.D., F.R.S. A. Vernon llarcourt, G. D. Liveing. 

1862. Cambridge . Prof. W. A. Miller, M.D., F.R.S. H. W. Elphinstone, W. Odling, Prof. 

Roscoe. 

1863. Newcastle... Dr. Alex. W. Williamson, F.R.S. Prof. Liveing, II. L. Pattinson, J. C. 

Stevenson. 

1864. Bath W. Odling, M.B., F.R.S., F.C.S. A. V. Harcourt, Prof. Liveing, R. 

Biggs. 

1865. Birmingham Prof. W. A. Miller, M.D.,V.P.R.S. A. V. Harcourt, H. Adkins, Prof. 

I Wanklyn, A. Winkler Wills. 

1866. Nottingham H. Bence Jones, M.D., F.R.S. ...'J. II. Atherton, Prof. Livcing. W. J. 

I Russell, J. White. 

1867. Dundee ... Prof. T. Anderson, M.D.,F.R.S.E. A. Crum Brown, Prof. G. D. Liveing, 

i W. .T. Bussell. 

18G8. Norwich ...iProf.E.Pranltland,P.B.S.,F.C'.S.'Dr. A. Crum Brown, Dr. W. J. Bus- 
I I s 'll, F. Sutton. 

1809. Exeter Dr. H. Debus, F.R.S., F.C.S. ... Prof. A. Crum Brown, M.D., Dr. W. 

I J. Russell, Dr. Atkinson. 

1870. Liverpool... Prof. II. E. Ro.scoe, B. A., F.R.S., Prof. A. Crum Brown, M.D., A, E. 

F.C.S. I Fletcher, Dr. W. J. Russell. 

1871. Edinburgh Prof. T. Andrews, M.D., F.R.S. J. T. Buchanan, W. N. Hartley, T. E. 

Thorpe. 

1872. Brighton ... Dr. J. H. Gladstone, F.R.S Dr. Mills, W. Chandler Roberts, Dr. 

1 W. J. Russell, Dr. T. Wood. 

GEOLOGICAL (and, until 1851, GEOGllAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford *R, I. Murchison, F.R.S .Tolm Taylor. 

1833. Cambridge .;G. B. Greenough, F.R.S W. Lonsdale, John Phillips. 

1834. Edinburgh .Prof. Jameson Prof. Phillips, T. Jameson Torrie, 

I I B-v. J. Yates. 

SECTION C. — aEOlOOr AND GEOORAniT. 

1835. Dublin R. J. GrifTith Captain Portlock, T. J, Torrie. 

1836. Bristol Rev. Dr. Buckland, F.R.S. — Geo^ William Sanders, S. Stutchbury, T. J. 

R.I. Murchison, F.R.S. Torrie. 

1837. Liverpool... Rev.Prof.Se(^wick,F.R.S. — Captain Portlock, R. Hunter. — Geo- 

gravity , G.B.Greenough, F.R.S. gra^hy. Captain H. M. Denham, R.N. 



PRESIDENTS AND SECllETAHIES OF THE SECTIONS. 


xxxiii 


Date and Pla^ie. Presidents. Secretaries. 


1838. Newcastle... C. Lyell, F.U.S., V.P.O.S. — Geo-W» 0. Trevelyan, Capt. Portlock.— 

gra'phy. Lord Prudhope. Geography, Capt. Washington. 

1839. Birmingham Rev. Dr. Buckland, F.R.S. — Geo- George Lloyd, M.I)., H. E. Strickland, 

graphy. G,B,Oreon()ugh,F.R.S. Charles Darwin. 

1840. Glasgow ... Charles Lycll, F.R.S. — Gcogra- W. J. Hamilton, D. Milne, Hugh 

phj, G. B. Green oiigh, F.R.S. Murray, H. E. Strickland, John 

Scouhir, M.D. 

1841. Plymouth . . II. T. Do la Bccho, F.R.S. W. J. Hamilton, Edward Moore, M.D., 

R. Hutton. 

1842. Manchester R. 1. Murchison, F.R.S E. W. Binney, R. Hutton, Dr. R. 

Lloyd, H. E. Strickland. 

1813. Cork Richard E. GrilTith, F.R.S., Francis M. Jenning.s, II. E. Strick- 

M.R.I.A. land. 

1844. York Henry Warbiirton, M.P., Pres. Pi’of.^Ansted, E. II. Bunhiiry. 

Geol. Soc. 

1845. Cambridge J. Rev. Prof. Sedgwick, M. A., F.R.S. Rtw. J. C. Cumniing, A. C. Rums.ay, 

Rev. W. Thorp. 

1840. Southampton LoonardlTorner, F.R.S. — Geogra- Robert A. Au^»ten, J. If. Norton, IVI.D., 
phf. G. B. Grccnough, F.R.S. Prof. Oldham. — Geography. Dr. C. 

T. Beke. 

1847. Oxford Very Rev. Dr. Buckland, F.R.S. Prof. Ansted, Prof. Oldham, A. C. 

Ramsay, J. Buskin. 

1848. Swansea ...Sir II. T. Do la Bechc, C.B., Starling Benson, Prof. Oldham, Prof. 

F.R.S. Ramsay. 

1849. Birmingham Sir Charles Lycll, F.R.S., F.G.S.'^ J. Beete Jukes, Prof. Oldliam, Prof. 

A. C. Ramsay. 

1850. Edinburgh * Sir Roderick I. Murchison,F.R.S. A. Keith Johnston, Hugh Miller, Pro- 

fessor Nicol. 

SECTION c (contimicil), — GKOLOOr, 


1851. Ipswich ... William llopkin.s M.A., F.R.S... |C. J. F. Bunhury, G. W. Ormorod, 

Searles Wood. 

1852. Belfast Lieut.-Col. Port lock, R.E , F.R.S.'james Bryce. James l^IacAdum, Prof. 

IM'Coy, Prof. Nicol. 

1853. Hull Prof. Sedgwick, F.R.S jProf. Ihirknoss, William Lawton. 

1854. Liverpool . . Prof. Edward Forbes, F.R.S. ...'John Cunningham, Prof. Darkness, 

I G. W. Ormorod. J. W. Wooilall. 

18.55. Glasgow ...kSir R. I. IMurchison, F.R.S James Bryce, Prof. ITurkue.ss, Prof. 

I Nicol. 

1856. Cheltonhain 'Prof. A. C. Ramsav, F.R.S Rev. P. B. Brodie, Rov. R. Hepwortli, 

I * Edward Hull, J. Seongall.T.Wriglit. 

1857. Dublin Tlic Lord Talbot do IHalahide ... Prof. Ilarknc.ss, Gilbert Sanders, Ro- 

j bert II. Scott. 

1858. Leeds William Hopkins, M.A., LL.D.. Prof. Nicol, II. C. Sorby, E. W. 

F.K.S. Shaw. 

1850, Aberdeen ... Sir Charlc.s Lycll, LL.D., D.C.L., Prof, llarknc-js, Rov. J. Longmuir, H. 
F.R.S. C. Sorby. 

18G0. Oxford Rev. Prof. Sedgwick, LL.D., Prof. Harkues.s, Edward Hull, Capt. 

F.R.S., F.G.S. Woodall. 


1861. Manchester Sir R. I. IMuivhi.son, D.C.L.. Prof, llarkncss. FdN^ard Hull, T. Ru- 

LL.D., F.R.S., ite. pert Jones, G. W. Ormerod. 

1862. Cambridge J. Beelo Jukes, M.A., F.R.S Lucas Barrett, Prol.T. Rupert Jones, 

11. C. Sorby. 

1803. Newcastle ... Prof. Wnrington W. Smyth, E. F. Ho^d, John Dagllsh, 11. C. Sor- 
F.R.S., F.G.S. by, Thomas Sopwith. 

^ At the Meeting of the General Committee held in Edinburgh, it was agreed ‘‘That Iho 
subject of Geography bo scjiarated from Geology and combined with Etlmology, to eonsti- 
tuto a separato Section, under the title of the “ Geographical and Ethnological Section,” 
for Presidenti and Secretaries of which see page xxxvi. 

1872 . 
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Bath Prof. J. Phillips, LL.D., F.R.S.,j 

F.a.s. I 

, Birmingham Sir R. I. Murchison, Bart.,K.C.B.| 

. Nottingham Prof. A.C. Ramsay, LL.D., F.R.S. 

, Dundee Archibald Gcikie, F.R.S., F.G.S. 

, Norwich ... R. A. C. Godwin- Austen, F.R.S., 
F.G.S. 

, Exeter Prof. R. llarknoss, F.R.S., F.G.S. 

, Liverpool... Sir Philip de M. Grey Egcrton, 
Bart., M.P., F.R.S. 

Edinburgh .. Prof. A. Geikie, F.R.S., P'.G.S... 
Brighton ... R. A. C. God win- Austen, F.R.S. 


W. B. Dawkins, J. Joimston, II. G. 

Sorby, W. Pengclly. 

Rev. P. B. Brodie, J. Jones, Rev. F. 

Myers, 11. C. Sorby, W. Pengclly. 

, R. Etheridge, W. Pengelly, T. Wil- 
son, G. II. Wright. 

Edward Hull, W. Pengelly, Henry 
Woodward. 

, Rev. O. Fisher, Rev. J. Gunn, W. 

I Pengelly, Rev. H. H. Win wood. 
.!W. Pengelly, W. tloNd Dawkins, Rev. 
I H. II. Win wood. 

/W. Pengelly, Rev. H. H. Wiuwood, 
j W. Boyd"l)awkiiis, G . H. Morton. 

, R. Etheridge, J. Geikie, J. McKeiiny 
Hughes, L. 0. Miall. 

.IL. C. Miall, George Scott, William 
1 Topley, Henry Woodward. 


BIOLOGICAL SCIENCES. 

COMMITTEE OE SCIENCES, IV. ZOOLOaY, BOTANY, rilYSIOLGOY, ANATOMY. 

1832. Oxford IRev. P. B. Duncan, F.G.S iRev. Prof. J. S. Hcnslow. 

1833. Cambridge * Rev, W. L. P. Garnons, F.L.S — C. C. Babington, D. Don. 

1834. Edinbiu'gh jProf. Graham jW. Yarrell, Prof. Burnett. 


SECTION I). — ZOOLOGY AND BOTANY. 

183.*). Dublin Dr. Allman J. Curtis, Dr. Littoii. 

1836. Bristol Rev. Prof. Ilenslow J. Curtis, Prof. Don, Dr. Riley, S. 

' Rootsey. 

1837. Liverpool.. W. S. MacLeay 0. C. Babington, Rev. L. Jenyn.s W. 

Swainvon. 

1838. Newcastle... Sir W. Jardine, Bart J. E. Gray, Prof. Jones, R. Owen, Dr. 

RichartLson. 

1839. Brimingham Prof. Owen, F.R.S E. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth... John Riebardson, M.D., F.R.S.. J. Coueli, Dr. Lankestcr, R. Paiteivon. 

1842. Manchester Hon. and Very Rev. W- Herbert, Dr. Lankester, R. Ikilter.^on, J. A. 

LL.D., F.L.S. Turner. 

1843. Cork William Thompson, F.L.S G. J. Allman, Dr, Lankestcr, 11. Pat- 

torson. 

1844. York Very Rev. The Dean of Manches- Prof. Allman, II. Goudsir, Dr. King, 

ter. Dr. Lanke.sler. 

1845. Cambridge Rev. Prof. Ilen.slow, F.L.S Dr. Lanke.shT, T. V. Wollaston. 

1840. Southampton Sir J. Richardson, M.D., F.R.S. Dr. Lankestcr, T. Y. AVollaslon, IT. 

WTuddridge. 

1847. Oxford H. E. Strickland, M. A., F.R.S.... Dr. Lankestcr, Dr. Mchillc, T. V. 

I Wollaston. 

SECTION J) {continued ). — zoology and botany, including imiysiology. 

[For the Presidents and Secretaries of the Anatomical and Pliysiologieal Subsections 
and the temporary Section E of Anatomy and Medicine, see pp. xxxvi.] 

1848. Swansea ... L. W. Dillwyn, F.R.S }Dr. R. WTlbralunn Falconer, A. Hen' 

froy, Dr. Lankestcr. 

1840. Birmingliam William Spence, F.R.S Dr. Lankester, Dr. Russell. 

1850. Edinburgh. . Prof. Good.sir, F.R.S, L. AE. ... Prof. J. H. Jhmnett, M.D., Dr. Lan- 
I kester, Dr. Douglas Maelagan. 

* At this Meeting Physiology and Anatomy were made a separate Committee, for 
Presidents and Secretaries of which see p. xxxv. 
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1851. Ipswich Rev. Prof. Ilcnslow, M.A., F.R.S.jProf. Allman, F. VV”. Johnston, Dr. E. 

liankcstcr. 

1852. Belfast W. Ogilby Dr. Dickie, Gteorge C. Hyndman, Dr 

Edwin Lankester. 

185.3. Hull C. C. Babington, M.A., F.K.S.... Robert Harrison, Dr. E. Lankester, 

1854. Liverpool ... Prof. Balfour, M.D., F.R.S Isaac Byerley, Dr. E. Lankester. 

1855. Glasgow ... Rev. Dr. Flceming, F.R.S.E. ... William Keddio, Dr. Lankester. 

1850. Cheltenham. Thomas Bell, F.R.S., Pres.L.S.... Dr. J. Abercrombie, Prof. Buckman, 

Dr. Lankester. 

1857. Dublin Prof. W.Il. Harvey, M.D., F.R.S. Prof. J. R. ICinahan,Dr. E. Lankester, 

Robert Patterson, Dr. W. E. Steele. 

1858. Leeds jC. C. Babington, M. A., F.R.S.... Hen r}^ Denny, Dr. Heaton, Dr. E. 

I Lankester, Dr. E. Perceval Wright. 

1859. Aberdeen ... Sir W. Jardinc, Bart., F.R.S.E.. Prof. Dickie, M.D., Dr. E. Lankester, 

I Dr. Ogilvy. 

1800. Oxford Rev. Prof. Ilcnslow, F.L.S W. S. Church, Dr. E. Lankester, P. 

I L. Sclater, Dr. E. Perceval Wright* 

1801. Manchester..^ Prof. C. C. Babington, F.R.S, ... Dr. T. Alcock, Dr. E. Lankester, Dr. 

j P. L. Sclater, Dr. E. P. Wright. 

1802. Cambridge... Prof. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

180.3. Nowca.stle ... Prof. Balfour, M.D., F.R.S Dr. E. Charlton, A. Newton, Rev. K. 

j B. Tristram, Dr. E. P. Wright. 

1804. Bath Dr. John E. Gray, F.R.S H. B. Bradv, 0. £. Broom, H. T* 

! Stain! on, Dr. E. P. Wright. 

. 1805, Birmingham T. Thomson, M.D., F.R.S Dr. J. Anthony, Rev. C. Clarke, Rev, 

I H. B. Tristram, Dr. E. P. Wright. 

8KCTI0N J) (continued). — biology*. 

1800. Nottingham. 'Prof. Huxley, LL.D., F.R.S.— Dr. J. Bcddard, W. Felkin, Rev. H. 

riff/siolof/icat Vep, Prof. Hum-' B. 3'ristram, W. Turner, E. B. 
pliry, M.l),, kMLS. - Tylor, Dr. E. P. Wriglit, 

loqind Ikp, Alfred R. Wallace, 

F.K (J.S. 

1807. Dimdeo Prof. Sliari>cy, M.D., Sec. R.S.— C. Spence Bate, Dr. S. Cobbold, Dr. 

Dcp. of ZooJ. a)) ft ]U>t. George IM. Foster, H. T. Stainton, Rev. II, 
Busk, ]\r.D., F.R.S. B. Tristram, Prof. W. Turner. 

1808. Norwich ...Rev. M. J. Berkeley, F.L.S.— Dr. T. S. Cobbold, G. W. Firth, Dr. 

1)rp. of rhi/m>h<ji/, W, H. IM. Foster, Prof. Lawson, H. T, 
Flower, F\R.S. Stainton, Rev. Dr. H. B. Tri.strara, 

Dr. E. P. Wright. 

1809. Exeter George Busk, F.R S., F.L.S.— Dr. T. S. Col)bold, Prof. M. Foster, 

Jkp.of]i(if.andZool.V.'^\)Q\\QC ^M.D.. E. Ray Hmkestcr, Professor 
Bat(', F.P.S.-Dr^7. of Kthno. Lawson, IT. T. Stainton, Rct. H. B. 
E. B. Tylor. Tri.strnm. 

1870. Liverpool... Prof. G. Rolleslon, M.A., IH.D.. ’Dr. T. S. ('obhold, Seha.slibu L\an.s, 

Antit.avd Prof. T.awson, Tlios. J. Moore, H. 
Phf/sio. Prof. M. Foster, M.D., T. Slainton, Rev. H. B. Tristram, 
P^L.S .— of Kthno. J. C. Staniland Wake, E. Ray Lan- 
Evaiis, F.R.S. kestcr. 

1871 . Edinburgh Prof. Allen T]iomson,M.D.,E.R.S.!Dr. T. R. Fra.scr, Dr. Arthur Gamgec, 

— Dcp. ofJfof.andZovI. Prof.| E. Ray Lankester, Prof. Lawson, 
Wyvillo Thomson, F.R.S. — H. T. Stainton, C. Staniland Wake, 
Dq). of Antliropo. I’rof. W. Dr. W. Rutherford, Dr. Xclburno 
Turner, IM.D. King. 

1872. Brighton ... Sir John Lubbock, Bart., F.R.S.Trof. Thi.selton-Dyer, II. T. Stainton, 

— Dcp. of Anaf. and ]*hpsio. Prof. Lawson, F. W. Rudler, J. H. 
Dr. Burdon Sanderson, F.R S. Lamprey, Dr. Gamgee, E. Ray Lan- 
— D(p of Anfhropo. Col. A. kester, Dr. Pye Smith. 

Lane Fox, F.G.S. 

* At the Meeting of th.e General Committee at Birmingham, it was resolved That the 
title of Section D he changed to Biology;" and “That for the word ‘Subsection,’ in the 
rules for conducting llie business of the Sections, the word ‘ Department* bo substituted, 
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ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 


COMMITTEE or SCIENCES, V. ANATOMY AND PHYSIOLOGY. 

1833. Cambridge... IDr. Haviland IDr. Bond, Mr. Paget. 

1831. Edinburgh... I Dr. Abercrombie [Dr. Roget, Dr. William Thomson. 


SECTION E. (until 1847.) — ANATOMY AND MEDICINE. 


1835. Dublin 1 

1836. Bristol 

1837. Liverpool ...' 


I pr. Pritchard 

Dr. Roget, F.R.S 

Prof. W. Clark, M.D 


1838. Newcastle ... 

1839. Birmingham 

1840. Glasgow i.. 


T. E. Headlam, M.D 

John Yelloly, M.D.,F.R.S. ... 
James Watson, M.D, 


1841. Plymouth...' 


P. M. Roget, M.D., Sec.R.S. 


1842. Manchester. 

1843. Cork 

1844. York 


Edward Holme, M.D., F.L.S. 

Sir James Pitcairn, M.D 

J. G. Pritchard, M.D 


Dr. Harrison, Dr. Hart. 

Dr. Symonds. 

Dr. J. Carson, jun., James Long, Dr. 
J. R. W. Vosc. 

T. M. Greenliow, Dr. J. R. W. Voso. 
Dr. G. O. Rees, F. Ryland. 

Dr. J. Brown, Prof. Couper, Prof. 
Reid. 

Dr. J. Butter, J. Fuge, Dr. R. S. 
Sargent. 

Dr. Chayior, Dr. R. S. Sargent. 

Dr. John Popham, Dr. R. S. Sargent. 
I. Erichsen, Dr. R. S. Sargent. 


SECTION E. — PHYSIOLOGY. 


1845. Cambridge . 

1846. Southampton 

1847. Oxford* ... 


Prof. J, Haviland, M.D. , 
Prof. Owen, M.D., F.R.S.. 
Prof, Oglo, M.D., F.R.S.;. 


Dr. R. S. Sargent, Dr. Webster. 

C. P. Xcelo, Dr. Laycock, Dr. SargO!it. 
Dr. Thomas K. Ohan\bers, W, P. 
Ormcrod. 


1850. Edinburgh 
1855. Glasgow ... 

1857. Dublin 

1858. Leeds 

1859. Aberdeen ... 

1860. Oxford 

1861. Manchester. 

1862. Cambridge . 

1863. Newcastle... 

1864. Bath 

1865. Birmingbrnf. 


PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 

Prof. Bennett, M.D., F.R.S.E. 

I Prof. Allen Thomson, F.R.S. ... 

Prof. R. Harrison, M.D 

ISir Benjamin Brodie, Bart.F.R.S. 

Prof. Sharpey, M.D., Sec.R.S. ... 

Prof. G.Rolleston, M.D., F.L.S. 

Dr. John Davy, F.R.S.L. & E, ... 

C. E. Paget, M.D 

Prof. Rolleston, M.D., F.R.S. ... 

Dr. Edward Smith, LL.D., F.R.S. 

Prof. Acland, M.D., LL.D., F.R.S 


Prof. J. H. Corbett, Dr. J. Sirullicrs. 
Dr. R. D. Lyons, Prof. Redfern. 

C. G. Wheel house. 

Prof. Bennett, Prof. Redfern. 

Dr. R. M‘Donnell, Dr. Edward Smith. 
Dr. W. Roberts, Dr. Edward Smith. 
G. F. Helm, Dr. Edward Smith. 

Dr. ]). Embleton, Dr. W. Turner. 

J. S. Bartrum, Dr. W. Turner. 
jDr. A. Fleming, Dr. P. ITeslop, Oliver 
I Pembleton, Dr, W. Turner. 


GEOGEAPHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1851, see Section C, p. xxxii.] 


ETHNOLOGICAL SUBSECTIONS OP SECTION D. 


1846. Southampton 

1847. Oxford 

1848. Swansea . . . 

1849. Birmingham 

1850. Edinburgh.. 


Dr. Pritchard 

Prof. If. H. Wilson, M.A. 


Vice-Admiral Sir A. Malcolm ... 


Dr. King. 

Prof. Buckley. 

G. Grant Francis. 
Dr. R. G. Ladiain. 
Daniel Wilson. 


* By direction of the General Committee at Oxford, Sections D and E were incorporated 
under the name of “Section D — Zoology and Botany, including Physiology” (scop, xxxiv). 
The Section being then vacant was assigned in 1851 to Geography, 
t Fic^c note on preceding page. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


XXXVU 


Date and Place. Presidents. Secretaries. 


SECTION y.. GEOGRAPnY AND ETHNOLOGY. 

1851. Ipswich ... 'Sir It. I. Murcliison, r.R.S.,Pres. R. Cull, Rev. J. W. Donaldson, Dr. 

R.G.S. Norton Shaw. 

1852. Belfast Col. Chesney, R.A., D.C.L., R. Cull, R. MacAdam, Dr. Norton 

F.R.S. Shaw. 

1853. Hull R. a. Latham, M.D., F.R.S. ... R. Cull, Rev. 11. W. Kemp, Dr. Nor- 

ton Shaw. 

1854. Liverpool... 'Sir R. I. Murchison, D.C.L., Richard Cull, Rev. 11. Higgins, Dr. 

F.R.S. lime. Dr. Norton Shaw. 

1855. Glasgow ... Sir J. Richardson, M.D., F.R.S. Dr. W. G. Blackie, R. Cull, Dr. Nor- 

ton Shaw. 

185G. Cheltenham Col. Sir H. C. Rawlinson, K.C.B. R. Cull, F. D. Hartland, W.II.Rum- 

sey, Dr. Norton Shaw. 

1857. Dublin Rev. Dr. J. IIcnthawnTodd,Pre.s. R. Cull, S. Ferguson, Dr. R. R. Mad- 

R.l.A. den, Dr. Norton Shaw. 

1858. Leeds Sir R. I. Murchison, G.C.St.S., R. Cull, Francis Gallon, P. O’Cal- 

F.R.S. laghan, Dr. Norton Shaw, Thomas 

Wright. 

1850. Aberdeen ... Rear-Admiral Sir James Clcrb Richard Cull, Professor Geddes, Dr. 
Ross, D.C.L., F.R.S. | Norton Shaw. 

18G0. Oxford Sir R. 1. Murchison, D.C.L.,;Capt. Burrows, Dr. J. Hunt, Dr. C. 

F.R.S. Lemj^ricro, Dr. Norton Shaw. 

18G1. Manchester . John Crawfurd, F.R.S iDr. J. Hunt, J. King.sloy, Dr. Norton 

I Shaw, W. Spottisw'oodo. 

18G2. Cambridge .'Francis Gallon, F.R.S J. W. Clarke, Rev. J. Glover, Dr. 

I Hunt, Dr. Norton Shaw, T. Wright. 

18G3. Newcastle. ..:Sir R. I. Murchi.son, K.C.B.,'C. Carter Blake, Hume Greenfield, 
F.R.S. I C. R. Markham, R. S. Whitson. 

18G4. Bath Sir R. I. Murchi.son, K.C.B., 11. W. Bates, C, R. Markham, Capt. 

I F.R.S, I R. M. Murchison, T. Wright. 

1805. Birmingham Major-General Sir R. Rawlinson, H. W. Bates, S. Evan.s, G. Jabet, C. 

M.P., K.C.B., F.R.S. I R. Markham, Thomas Wright. 

186G. Nottingham Sir Charles Nicholson, Bart., 11. W. Bates, Rev. E. T. Cusins, R. 

LL.D. H. Major, Clements R. Markham, 

D. W. Nash, T. Wright. 

18G7. Dundee 'Sir Samuel Baker, F.R.G.S ..II. W. Balc.s, Cyril Graham, C. R. 

Markham, S. J. Mackic, R. Sturrock. 
1808. Norwich ... Capt. G. H. Richards, R.N., F.R.S. T. Baines, H. W. Bates, C. R. Mark- 

I ham, T. Wright. 

SECTION E {continued). — geoghaphy. 

1800. Exeter Sir Bartle Erere, K.C.B., LL.D., H. W. Bates, Clements R. Markham, 

F. K.G.S. J. H. 'Jdiomas. 

1870. Liverpool... SirR, J. Murchison. Bt., K.C.B., II. Wh Bates, David Buxton, Albert 

LL.D., D.GL.. F.R.S., F.G.S. J. Mott, Clements R. Markliam. 

1871. Edinburgh. Colonel Yule, C.B., F.R.G.S. ...Clements R. Markham, A Buchan, 

J. 11. Thomas, A. Keith Johnston. 

1872. Brighton ... Francis Gallon, F.R.S H. W. Bates, A. Keith Johnston, Rev. 

J. Newton, J. H. Thomas. 

STATISTICAL SCIENCE. 

COMMITTEE OF SCIENCES, VI. — STATISTICS. 

1833. Cambridge . I Prof. Babbage, F.R.S jJ. E. Drinkwatcr. 

1834. Edinburgh .iSir Charles Lemon, Bart IDr. Clcland, C. Hope Maclean. 

SECTION F. STATISTICS. 

1835. Dublin jCharles Babbage, F.R.S W. Greg, Prof. Longfield, 

1830. Bristol Sir Charles Lemon, Bart., F.R.S. Rev. J. E. Bromby, C. B. Fripp, 

I James Heywopd. 
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Date and Place, Presidents. Secretaries. 


1837. Liverpool... Rt. Hon. Lord Sandon W. R. Greg, W. Langton, Dr. W. C. 

Taylor. 

1838. Newcastle... Colonel Sykes, F.R.S W. Cargill, J. Hey wood, W. R. Wood. 

1839. Birmingham Henry Hallam, F.R.S F. Clarke, R. W. RaAvson, Dr. W.. C. 

Tayler. 

1840. Glasgow ... Rt. Hon. Lord Sandon, F.R.S., C. R. Baird, Prof. Ramsay, R. W. 

M.P. Rawson. 

1841. Plymouth... Lieut. -Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. R. Luney, R. 

W. Rawson. 

1842. Manchester. G. W. Wood, M.P., F.L.S Rev. R. Luney, G. W. Ormerod, Dr. 

W. C. Tayler. 

1843. Cork Sir C. Lemon, Bart., M.P Dr. D. Pullen, Dr. W. Cooke Tayler. 

1844. York Liout.-Col. Sykes, F.R.S., F.L.S. L Fletcher, J. Ileywood, Dr. Laycoek. 

184.5. Cambridge . Rt. Hon. The Earl Fitz william... J. Flctclicr, W. Cooke Tayler, LL.D. 
1840. Southampton G. R. Porter, F.R.S J. Fletcher, F. G. P. Neison, Dr. W. 

C. Tayler, Rev. T. L. Shapeotr. 

1847. Oxford Travers Twiss, D.C.L., F.R.S. ... Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swansea ... J. H. Vivian, M.P., F.R.S L Fletcher, Capt. R. Shortredo 

1849. Birmingham Rt. Hon. Lord Lyttelton Dr. Finch, Prof. Hancock, F. G. P. 

Neison. 

1850. Edinburgh .. Very Rev. Dr. John Leo, Prof. Hancock, J. Fletcher, Dr. 

V.P.R.S.E. Stark. 

1851. Ipawich Sir John P. Boileau, Bart J. Fletoher, Prof. Hancock. 

1852. Belfast His Graco the Archbishop of Prof. Hancock, Prof. Ingram, James 

Dublin. MacAdam, Jun. 

1853. Hull James Heywood, M.P., F.R.S. ... Edward Cheshire, William Newmarch. 

1854. Liverpool . . . Thomas Tooke, F.R.S E. Cheshire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

1855. Glasgow R. Monokton Milnes, M.P. ...... J. A. Campbell, E. Cheshire, W. New- 

march, Prof, R. II. Walsh. 


SECTION E ( continued ), — economic science and statistics. 

185G. Cheltenham Rt. lion. Lord Stanley, M.P. ... Rev. 0. II. Bromby, E. Cheshire, Dr. 

W. N. Hancock Newmarch, W, M, 
Tartt. 

1857. Dublin His Graco tho Archbishop ofiProf. Cairns, Dr. II, D. Hutton, W. 

Dublin, M.R.I.A. Newmarch. 

1858. Leeds Edward Baines T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Eislibourno, Dr. J. Strang. 

1859. Aberdeen ... Col. Sykes, M.P., F.R.S Prof. Cairns, Edmund Macrory, A. M. 

Smith, Dr. John Strang. 

18G0. Oxford Nassau W. Senior, M,A Edmund Macrory, W. Newmarch, 

Roy. Prof. J. E. T. Rogers. 

1861. Manchester William Newmarch, F.R.S David Chadwick, Prof. R. C. Christie, 

E. Macrory, Rev. Prof. J. E. T. 
Rogers. 

1862. Cambridge.. Edwin Chadwick, C.B H. D. Macleod, Edmund Macrory. 

1863. Newcastle ... William Titc, M.P., F.R.S T. Doubleday, Edmund Murrory, 

Ercdcriek Purdy, Janu's Potts. 

1864. Bath William Farr, M.D., D.C.L., E. Macrory, E. T. Payne, E. Purdy. 

E.R.S. 

1865. Birmingham Rt. Hon. Lord Stanley, LL.D., G. J. D. Goodman, G. J. Jolmsion, 

M.P. E. Macrory. 

1866. Nottingham Prof. J. E. T. Rogers R. Birkin, Jim., Prof, Leone Levi, E. 

Macrory. 

1867. Dundee M. E. Grant Duff, M.P Prof. Leone Levi, E. Macrory, A. J. 

Warden. 

1868. Norwich ... Samuel Brown, Pres. Instit. Ac- Rev. W, C. Davie, Prof, Leone Levi. 

tuarios. 



PRESIDENTS AND SECRETARIES 01^ THE SECTIONS. XXXix 


Date and Place. 

Presidents. 

Secretaries, 

1809. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

Rt. Hon. Sir Stafford H. North- 
cote, Bart., C.B., M.P. 

Prof. W. Stanley Jevous, M.A. . . 

Rt. Hon. Lord Ncavo.s 

Prof. Henry Fawcett, M.P | 

Edmund Macrory, Frederick Purdy, 
Charles T. D. Acland. 

Chas. R. Dudley Baxter, E. Macrory, 
J. Miles Moss. 

J. G. Fitch, James Meiklo. 

J. G, Fitch, Barclay Phillips, 


MECHAKICAL SCIEJ^CE. 


SECTION 0.- — MECTIANTCAL SCIENCE. 

1S36. Bristol jDavics Gilbert, D.C.L., RR.S....jT. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool ...|Rcv. Dr. Robinson Charles Vignolcs, Thomas Webster. 

1838. Newcastle ...iCharlcs Babbage, F.ILS iR. Hawtliorn, C. Vignoles, T. Webster. 

1830. Birmingham|rrof. Willis, F.R.S., and Robert! W. Carpmael, William Ilawkes, Tho- 

I Stephenson. mas Webster. 

1840, Glasgow ...|Sir John Robinson J. Scott Russell, J. Thomson, J. Tod, 

C. Vignoles. 

1841. Plymouth ... 'tTohn Taylor, F.R.S Henry Chatfield, Thomas Webster. 

1812. Manchester .|Rev. Prof. Willis, F.R.S J. F. Bateman, J. Scott Russell, J. 

Thomson, Charles Vignolcs. 

1843. Cork Prof. J. Macnoill, M.R.I.A James Thomson, Robert Mallet. 

1844. York John Q^iylor, F.R.S Cliarles Vignoles, Thomas Webster. 

1845. Cambridge .. George Rennie, F.R.S Rev. W. T. Kingsley. 

184(), Southampton Rev. Prof. Willis, M.A., F.R.S. . William Betts, Jim., Charles Manby. 

1847. Oxford |Rev. Prof. Walker, M.A., F.R.S. J. Glynn, R. A, Le Mesurier. 

1848. Swansea iRev. Prof Walker, M.A., F.R.S.jR. A. Le Mesurier, W. P. Struve. 

1840. Birmingham' Robert Stephenson, M.P., F.R.S. Charles Manby, W. P. Marshall. 

1850. Edinburgh ..!Rev. Dr. Robinson |Dr. Lees, David Stephenson. 

1851. Ipswich William Cubitt, F.R S 'John Head, Charles Manby. 

1852. Belfast John Walker, C.E., LL.D., F.R.S. John F. Bateman, C. B. Hancock, 

C'harlcs Manby, James Thomson. 

1853. Hull William Fairbairn, C.E., F.R.S.. James Oldham, J. Thomson, W. Sykes 

Ward. 

1854. Liverpool ... John Scott Russell, F.R.S John Grantham, J. Oldham, J. Thom- 

son. 

1855. Glasgow , . . W. J. Maequorn Rankinc, C.E., L. Hill, Jun., William Ramsay, J. 

IfR.S. Thomson. 

1850. Cheltenham George Rennie, F.R.S C. Atherton, B. Jones, Jun., H. M. 

Jeffery. 

1857. Dublin The Right Hon. The Earl of Prof Downing, W. T. Doyno, A. Tate, 

Rosso, F.R.S. James 'Ihomson, Henry Wright. 

18.b8. Leeds William Ifairbairn, F.R.S J. C. Dennis, J. Dixon, H. Wright. 

18[)9. Aberdeen ... Rev. i^rof Willis, M.A., F.R.S. . R. Abcrncthy, P. Le Neve Foster, H. 

^Vrigllt. 

1800. Oxford Prof W. J. ^Maequorn Rankine. P. Lo Nevo Foster, Rev. F. Harrison, 

LL.D., F.R.S. Henry Wright. 

1801. Manchester . J. F. Bateman, G.E., F.R.S P. Le Neve Foster, John Robin.son, H. 

Wright. 

1802. Cambridge .. William Fairbairn, LL.D., F.R.S. W. M. Fawcett, P. Le Neve Foster. 

1803. Newcastle ... Rev. Prof. Willis, M.A., F.R.S. . P. Tx' Neve Foster, P. Westmacott, J. 

F. Spencer. 

1804. Bath J. Hawkshaw, F.R.S P. Lo Neve Foster, Robert Pitt. 

1805. Birmingham Sir W. G. Armstrong, LL.D., IP. lio Neve Foster, Henry Lea, W. P. 

F.R.S. I Marshall, Walter May. 

1800. Nottingham Thomas TTawksloy, V.P.Tnst. P. Le Neve Foster, J. F. Iselin, INI. 
C.E., F.G.S. A. Tarbottom. 

1807. Dundee Prof W. J. Maequorn Rankinc, P. Lo Neve Foster, Jolm P. Smith, 

LL.D., F.R.S. W. W. Urqidiart. 

1808. Norwich ... G. P. Bidder, C.E., F.R.G.S. ...!P. LoNevo Foster, J. F. Iselin, C. 

I Manby, W. Smith. 
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Bate of Place, 

Presidents. 

Secretaries# 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

C. W. Siemens, F.B.S 

Ohas. B. Vignoles, C.E., F.B.S. . 

Prof. Fleeming Jenkin, F.B.S.... 

F. .1. Bramwell, C.E 

P. Lo Neve Foster, 11. Bauerman. 

H. Bauerman, P. Lo Nevo P'oster, T. 

King, J. N. Shoolbred. 

H. Bauerman, Alexander Leslie, J . P, 
Smith. 

H. M. Brunei, P. Le Nevo Foster, 
J. G. Gamble, J. N. Shoolbred. 



List of Evening Lectures, 


Bate and Place. 


Lecturer. 


1842. Mancliester . 


Charles Vignoles, F.B.S i 


1843. Cork 


Sir M. I. Brunei 

B. I. Murchison 

Prof. Owen, M.B., RB.S 

Prof. E. Forbes, F.B.S 


1844. York 


Br. Bobinson I 

Charles Lyell, F.B.S 

Br. Falconer, F.B.S 


1845. Cambridge .. G. B. Airy, F.B.S., A str on. Royal 

R. I. Murchison, F.B.S. 

1846. Southampton Prof. Owen, M.B., F.B.S 

Cliarles Lyoll, F.B.S 

W. R. Grove, F.B.S 


1847. Oxford , 


1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh. 


1851. Ipswich . 

1852. Belfast . 


Bcv. Prof. B. Powell, F.B.S. 
Prof. M. Faraday, F.B.S. ... 

Hugh E. Strickland, F.G.S. 
John Percy, M.B., F.B.S. ... 

W. Carpenter, M.B., F.B.S. 

Br. P'araday, F.B.S 

Bev. Prof. Willis, M.A., F.B.S. 

Prof. J. II. Bennett, M.B. 
lAB.S.E. 

Br. Mantell, F.B.S 

Prof. B. Owen, M.B., F.B.S. 

G. B. Airy, F’.B.S., Astron. Boy, 
Prof. G.G. Stokes, B.C.L., F.B.S 

Colonel Portlock, B.E., F.B.S. 


1853. Hull 


Prof. J. Phillips, LL.B., F.B.S.,! 
F.G.S. 1 


1854. Liverpool 


Robert Hunt, F.B.S I 

Prof. B. Owen, M.B., F.B.S. ...! 
Col. E. Sabine, Y.P.B.S : 


Subject of Biscourso. 


Tlic Principles and Construction of 
Atmospheric Railways. 

Tlic Thames Tunnel. 

The Geology of Russia. 

Tlio Binornis of New Zealand. 

Tlio Bistribution of Animal Life in 
the yEgeau Sea. 

The Earl ofBosse’s Telescope. 

Geology of North America. 

The Gigantic Tortoise of the Siwalik 
Hills in India. 

' Progress of Terrestrial Magnetism. 

Geology of Russia. 

P'ossil Mammalia of the British Isles. 

Valley and Delta of the Mississippi. 

Properties of the Explosive substance 
discovered by Br. Schonbein ; also 
some Researches of liis own on the 
Becomposition of Water by Heat. 

Shooting-stars. 

Magnetic and Biamagnetic Pheno- 
mena. 

The Dodo (Buhts hiephts).'^ 

Mehillurgical operations of Swansea 
and its neighbourhood. 

Recent Microscopical Discoveries. 

Mr. Oassiot’s Battery. 

Transit of different Weights with 
varying velocities on Railways. 

Passage of the Blood through the 
minute vessels of Animals in con- 

I nexion with Nutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their changes of Form. 

Total Solar Eclipse of July 28, 1851. 

Recent discoveries in the properties 
of Light. 

Recent discovery of Rock-salt at Car- 
rickfergus, and geological and prac- 
tical consideration.s connected with it. 

Some peculiar phenomena in the Geo- 
logy and Physical Geography of 
Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of researches in Terrestrial 
Magnetism. 




LIST OF EVENING LECTURES, 
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Pate and Place. Lecturer. Subject of Piscourse. 

1855. Glasgow J)r. W. B. Carpenter, F.R.S. ... Characters of Species. 

Licut.-Col. II. Eawlinson Assyrian and Babylonian Antiquities 

and Ethnology. 

1850. Cheltenham Col. Sir II. Rawlinsou Recent discoveries in Assyria and 

Babylonia, with the results of Cunei- 
form research up to the present 
time. 

W. R. Grove, F.R.S Correlation of Physical Forces. 

1857. Publin Prof. W. Tliomson, F.R.S The Atlantic Telegraph. 

Rev. Pr. Livingstone, P.C.L. ... Recent discoveries in Africa. 

1858. Leeds Prof. J. Phillips, LL.D., F.R.S. The Ironstones of Yorkshire. 

Prof. R. Owen, M.P., F.R.S. ... The Fossil Mammalia of Australia. 

] 850. Aberdeen ... Sir R.I. Murchison, P.C.L Geology of the Northern Highlands. 

Rev. Pr. Robinson, F.R.S Electrical Piscliarges in highly rare- 

fied Media. 

1800. Oxford ...... Rev. Prof. Walker, F.R.S Pliy.sical Constitution of the Sun. 

Captain Sberard O.sborn, R.N. . Arctic Piscovery. 

18G1. Manchester . Prof. W. A. Miller, ISt.A., F.R.S. Spectrum Anal} sis. 

G. B. Airy, F.R.S., Astron.Roy. . The late Eclipse of the Sun. 

1802, Cambridge . Prof. Tyndall, LL.P., F.R.S. ... I'hc Forni.s and Action of VV^ater. 

Prof. Odling, F.R.S Organic Chemistry. 

1863. Newcastle- Prof. Williamson, F.R.S The chemistry of the Galvanic Bat- 

on-Tyuo. tery con.sidcred in relation to Py- 

namics. 

James Glai.sher, P\R.S The Balloon Ascents made for the 

British As.sociation. 

1801. Bath Prof. Roscoe, P'.R.S The Chemical Action of Light. 

Pr. Livingstone, P'.R.S Recent Travels in Africa. 

1805. Birmingham J. Bccto Jukes, F.R.S Probabilities as to the position and 

extent of the Coal-measures Ixmeath 
the red rocks of the Midland Coun- 
ties. 

1800. Nottingham. William Huggins, F.R.S...., The re.sults of Spectrum Analysis 

applied to Heavenly Bodies. 

Pr. J. P. Hooker, F.R.S Insular Floras. 

1807. Pundco Archibald Gcikic, F.R.S The Geological origin of the present 

Scenery of Scotland. 

Alexander Hcrschel, F.R.A.S. ... The present state of knowledge re- 
garding Meteors and Meteorites. 

1808. Norwich .... J. Fergusson, F.R.S Archa'ology of iho early Buddhist 

Monuments. 

Pr. W. Odling, P'.R.S Reverse Chemical Actions. 

1800. Exeter Prof. J. Phillips, LL.P., F.R.S. Vosuviu.s. 

J. Norman Lockycr, P\E.S The Physical Constitution of the 

Star.s and NebuI.T. 

1870. Liverpool ... Prof. J. Tyndall, LL.P., P^.R.S. The Scientific Lbsc of the Imagination. 

Prof. W. J. Alaequorn RankineJ Stream-lines and M^ivee, in coimcxion 
LL.P., F.R.S. with Naval Architecture. 

1871. Edinburgh F. A. Abel, F.R.S On some recent investigations and ap- 

plications of Explosive Agents. 

E. B. Tylor, F.R.S On the Relation of Primitive to Mo- 

dern Civilization. 

1872. Brighton ... Prof. P. Martin Puncan, M.P., Insect Metamorphosis. 

F.R.S. The Aims and Instruments of Scieii- 

Prof. W. K. Clifford tific Thought. 


REPOKT — 1873. 


tin 


Bate and Place. 


Lecturer. 


Subject of Discourse. 


Lectures to the Operative Classes, 


1867. Dundee 

1868. Norwich .... 
186D. Exeter ...... 


1870. Liverpool ... 
1873. Brighton ... 


Prof. J. Tyndall, LL.D., F.R.S, 
Prof. Huxley, LL.D., RR.S. ... 
Prof. Miller, M.D., R.R.S 


Sir John Lubbock, Bart., M.P. 
RRS. 

I William Spottiswoodo, LL.D., 
Jf.R.S. 


Matter and Force. 

A piece of Chalk. 

Experimental illustrations of the 
modes of detecting the Compof-i- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

Savages. 

Sunshine, Sea, and Sky. 



THE BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 

THE GENERAL TREASURER’S ACCOUNT from 2nd August 1871 (commencement of EDINBURGH Meeting) to 

14th August 187 (BRIGHTON). 

RECEIPTS. £ PAYMENTS. £ 

To Balance biouffht from last Account 972 10 7 Paid Expenses of Edinburgh Meeting, also Sundry Printing, Bind- 
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Table shoxving the Attendance axid Receipts 







Date of Meeting. 

Where held. 

Pre.sidents. 

Old Life 
Members. 

New Life 
Members. 

1831, Sept. 27 ... 

York 

The Earl FitzAvilliam, D.C.L. ... 



1832, June 19 ... 

Oxford 

The Rev. W. Buekland, F.R.S. .. 



1833, June 25 ••• 

Cambridge 

The Rev. A. Sedgwick, F.R.S... . 



1834, Sept. 8 ... 

Edinburgh 

Sir T. M. Brisbane, D.C.L 



1835, Aug. 10 ... 

Dublin 

The Rev. Provost Lloyd, LL.D. 



1S36, Aug. 22 ... 

Bristol 

The Marquis of Lansdowne 



1837, Sept. II ... 

Liverpool 

The Earl of Burlington, F.R.S. . 



1838, Aug. 10 ... 

Ncwcastle-on-Tyne .. 

The Duke of Northumberland... 



Auff. 26 ... 

Birmingham 

The Rev. W. Vernon Harcourt . 



1840, Sept. 17 ... 

Glasgow 

The Marquis of Breadalbanc . . . 



1841, July 20 ... 

Plymouth 

The Rev. W,Wliewell,F.R.S.... 

169 

65 

1842, June 23 ... 

Manchester 

The Lord Francis Egerton 

303 

169 

1843, Aug- '7 - 

Cork 

ThoEarlofRos.se, F.R.S 

109 

28 

1844, Sept. 26 ... 

York 

The Rev. G. Peacock, D.D 

226 


1845, June 19 ... 

Cambridge 

Sir John F. W. Hcr.schcl, Bart. . 

313 

36 

1846, Sept. 10 ... 

Southampton 

Sir Roderick I. Murchison, Bart. 

241 

10 

1847, June 23 ... 

Oxford 

Sir Robert II. Inglis, Bart 

314 

j8 

1848, Aug. 9 

Swansea 

The Marquis of Northampton . . . 

149 

3 

1849, Sept. 12 

Birmingham 

The Ecv. T. R. Robinson, D.D. . 

227 

12 

1850, July 21 ... 

Edinburgh 

Sir David Brewster, K.H 

235 

172 

9 

1851, July 2 

Ipswich 

G. B. Airy, Esq., Astron. Boyal . 

! 8 

1852, Sept. I ... 

Belfast 

Liout.-Genoral Sabine, F.R.S. ... 

164 

lo 

1853, Sept. 3 ... 

Hull 

William Ilopkin.s, E.sq., F.R.S. . 

141 

13 

1854, Sept. 20 ... 

Liverpool 

The Earl of Harrowby, F.R.S, .. 

238 

^3 

1855, '•* 

Glasgow 

The Duke of Argyll, F.R.S 

194 

33 

1856, Aug. 6. ! 

Cheltenham 

Prof.C. G. B.Daubeny,M.D.... 

182 

H 

1857, Aug. 26 ... 

Dublin 

The Rev. Humphrey Lloyd, D.D. 

236 

15 

1858, Sept. 22 ... 

Leeds 

Richard Owen, M.D., D.C.L. ... 

222 

42 

1859, 14 

Aberdeen 

lI.R.H. The Prince Consort ... 

184 

27 

i860, Juno 27 ... 

Oxford 

! The Lord Wrottesley, M.A 

286 

21 

1861, Sept. 4 ... 

Manchester 

William Fairbairn, LL.D., F.R.S. 

321 

113 

1862, Oct. I 

Cambridge 

The Rev. Prof. Willis, M.A. ... 

239 

15 

i863>Aug. 26 ... 

Newcastlc-on-Tyne .. 

Sir William G. Arm.strong, O.B. 

203 

36 

1864, Sept. 13 ... 

Bath 

Sir Charles Lyell, Bart., M.A.... 

287 

40 

1865, Sept. 6 ... 

Birmingham 

Prof. J. Phillips, M.A.,LL.D.... 

292 

44 

1866, Aug. 22 ... 

Nottingham 

William R. Grove, Q.C., F.R.S. 

207 

31 

1867, Sept. 4 ... 

i Dundee 

The Duke of Biiccleuch, K.C.B. 

167 

^5 

1868, A\ig. 19 ... 

Norwich 

Dr. Joseph D. Hooker, F.R.S. . 

196 

18 

1869, Aug. X 8 ... 

Exeter 

Prof. G. G. Stokes, D.C.L 

204 

21 

1870, Sept. 14 ... 

Liverpool 

Prof. T. H. Huxley, LL.D 

Prof. Sir W. Thomson, LL.D..., 

314 

39 

1871, Aug. 2 

Edinburgh 

246 

28 

1872, Aug. 14 ... 

1873, Sept. 17 ... 

Brighton 

Bradford 

Dr. W. B. Carpenter, F.R.S ... 
J. P. Joule, D.C.L., F.R.S 

245 

36 
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at Annual Meetings of the Association, 


Attended by 

Amount 
received 
during the 
Meeting. 

Sums paid on 
Account of 
Grants for 
Scientific 
Purposes. 


Old 

Annual 

Members. 

New 

Annual 

Members. 

Associates. 

Ladies. 

Foreigners. 

Total. 








£ s.d. 

£ s. d. 



... 




353 

900 









1298 


20 0 0 



... 




... 


167 0 0 



... 




1350 


434 *4 0 



... 




1840 


918 14 6 



... 


1100* 


2400 


956 12 2 



... 



34 

1438 



>595 >> 0 





... 

40 

*353 


1546 16 4 


4*6 

317 


60* 


891 


1235 *0 I* 


75 

376 

33 t 

33 i» 

28 

1315 


*449 *7 8 


71 

185 


160 




1565 10 2 


45 

190 

9 ** 

260 




981 12 8 


94 

22 

407 

172 

35 

1079 


830 9 9 


65 

39 

270 

196 

36 

857 


685 16 0 


197 

40 

495 

203 

53 

1260 


208 5 4 


54 

25 

376 

197 

*5 

929 

707 0 0 

275 I 8 


93 

33 

447 

237 

22 

1071 

963 0 0 

159 19 6 


128 

42 

5*0 

273 

44 

1241 

1085 0 0 

345 *8 0 


61 

47 


* 4 * 

37 

710 

620 0 0 

39 * 9 7 


63 

60 

510 

292 

9 

1108 

iog5 0 0 

304 6 7 


56 

57 

367 

236 

6 

876 

903 0 0 

205 0 0 


121 1 

121 

765 

5 H 

10 

1802 

1882 0 0 1 

330 *9 7 


142 

JOI 

1094 

543 

26 

2133 

231 100 

480 16 4 


104 

48 

412 

346 

9 ! 

1115 

j 1098 0 0 1 

734 *3 9 


156 

120 

900 

569 

26 

2022 

2015 0 0 

' 507 *5 3 


HI 

91 

710 

509 

*3 

1698 

1931 0 0 ' 

618 18 2 

i 125 

*79 

1206 

821 

22 

2564 

2782 0 0 

684 II 1 


177 

59 

636 

463 

47 

1689 

j 1604 0 0 ; 

1241 7 0 


184 

125 

* 5^9 

79 * 

*5 

3*39 

1 3944 0 0 

nil 5 10 


150 

57 

433 

242 

^5 

1 161 

1 1089 0 0 

1293 16 6 


154 

209 

1704 

1004 

^5 

3335 

! 3640 0 0 ■ 

1608 3 10 


182 

103 

1119 

1058 

13 

2802 

1 2965 0 0 

1289 15 8 


^15 

*49 

766 

508 

23 

*997 

I 2227 0 0 

1591 7 10 


218 

*05 

960 

77 * 

1 1 

2303 

' 2469 0 0 

1750 13 4 


193 

118 

1163 

771 

, 7 

244.^. 

1 2613 0 0 

*739 4 0 


226 

*17 

720 

682 

145 

2004 

! 2042 0 0 

1940 0 0 


229 

107 

678 

600 

17 

1836 

1 1931 0 0 

1572 0 0 


303 

*95 

1103 

910 

*4 

2878 

! 3096 0 0 

1472 2 6 


1 3 “ 

127 

976 

754 

21 

2463 

i 257s 0 0 

1285 0 0 


j 280 

80 

937 

912 

43 

^533 

j 2649 0 0 



* Ladies were not admitted by purclHtsed Tickets until 
t Tickets for admission to Soctions only. f Including ladies. 
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OEEICEES OE SECTIONAL COMMITTEES PEESENT AT THE 
LEIGHTON MEETING. 

SECTIOIT A. MATHEMATICS AND PHYSICS. 

l^esidmt — Warren Do La Eiio, D.C.L., PliJ)., F.E.S., V.P.E.A.S., V.P.C.S. 
Vice-Presidents , — Professor G. 0. Foster, F.E.S. j Professor F. Fuller; .Tamos 
Glaisher, F.E.S. ; Lord Liiidsa}^ J. N. Lockyer, F.E.S. ; Professor Phillips, 
F.E.S. ; Professor II. J. S. Smith, F.E.S.; W. Spottiswoode, LL.D., F.E.S. ; 
Sir W. Thomson, LL.D., F.E.S. ; Sir Charles Wheatstone, F.E.S. 
Secretaries.—Vvoie^Qov W. K. Clilibrd, M.A. ; J. W. L. Glaisher, B. A., F.E. A.S. ; 
Professor A. S. Herschel, B.A., F.E.A.S. ; G. F. Eodwcll, F.E.A.S, 

SECTION B. — CHEMISTRY AND MINERALOGY, INCLUDING THEIR APPLICATIONS TO 
AGRICULTURE AND THE ARTS. 

President, — Dr. J. Hall Gladstone, F.E.S., F.C.S. 

Vice-Presidents. — A. Abel, F.E.S., F.C.S. ; Professor A. Crum Brown, M.D., 
F.E.S.E.; Professor Williamson, F.E.S.; J. II. Gilbert, Ph.D., F.E.S.; Sir 
Benjamin Brodie, Bart., F.E.S. ; Professor G. C. Foster, F.E.S. 

Secretaries.^J)v. Mills; W. Chandler Eoberts, F.C.S. ; Dr. W. J. Eusscll, F.E.S. ; 
T. Wood, Ph.D. 

SECTION C. GEOLOGY. 

President, — "R. A. C. Godwin -Austen, F.E.S., F.G.S. 

Vice-Presidents , — Thomas Davidson, F.E.S., F.G.S. ; Professor P. Marlin Duncan, 
M.D., F.K.S. F.G.S. ; Eev. Thomas Wiltsliire, M.A., F.G.S., F.L.S.; Professor J. 
Phillips, M.A., LL.D., F.E.S. ; J. Prestwich, F.E.S., F.(hS. 

Secretaries. — Henry Woodward, F.G.S. ; Louis C. Miall ; George Scott; William 
Topley, F.G.S. 

SECTION D. — BIOLOGY. 

President, — Sir John Lubbock, Bart., M.P., V.P.E.S. 

Vice-Presidents . — Professor Balfour, M.D., F.E.S. ; .Tohn Ball, F.E.S. ; .Tohu 
Beddoe M.D, ; George Bentham, F.E.S. ; J. Covdy Burrows, I^l.D. ; T. Sp»mcer 
Cobbold, M.D., F.E.S.; Professor Flower, F.E.S.; Col. A. Lane Fox, F.G.S; 
Joseph D. Hooker, C.B., M.I)., F.E.S.; J. Gwyn JeilVeys, F.E.S.; J. Burdon 
Sanderson, M.D., F.E.S. ; Professor Wyville Thomson, M.D., F.E.S. 

Secretaries . — Professor Thiselton-Dyer, B.A., II. T. Stainton, F.E.S. ; Ih*ofessor 
Lawson, F.L.S. ; F. W. Eudler F.G.S.; J. II. Lamprey; Dr. Gamgee, F.E.S.; 

E. Eay Lankester, M.A. ; Dr. Pye-Smith. 

SECTION E. GEOGRAPHY AND ETHNOLOGY. 

President . — Francis Gallon, F.E.S., F.G.S., F.E.G.S. 

Vice-Presidents . — Clements E, Markham, C.B., F.L.S. , F.E.G.S. ; Arajor-Gem ral 
Sir Henry Eawlinson, K.C.B., Pres. E.G.S. ; Major-Gtuieral Straehey, E.F., 

F. E.S., F.E.G.S.; Vice-Admiral Ommamiey, C.B., F.E.S.. F.E.G.S.; John 
Arrowsmith, F.E.G.S. ; A. G. Findlay, F.E.G.S. 

Secretaries. — W. H. Bates, F.E.G.S. ; A. Keith Johnston, F.E.G.S. ; Eev. J. 
Newton, M.A. ; J. II. Thomas, F.E.G.S. 

SECTION E. ECONOMIC SCIENCE AND STATISTICS. 

President . — Professor Henry Fawcett, M.A., M.P. 

Vice-Presidents . — Sir .John Bowring; M. F. Grant Duff, M.P.; Sir .Tamos K. 
Alexander; Eight lion. J. G. Dodson, M.P. ; James White, M.P. ; E. I)ud]<‘y 
Baxter, M.A. ; William Ncwmarch, F.E.S. 

Secretaries. — J. G. Fitch, M.A. ; Barclay I’hillips. 

Secttom G. — Mechanical Science. 

P'esident. — F. J. Brain well, C.E. 

Vice-Presid(^its . — John Ilawkshaw, F.RS. ; C. W. Merrifield, IMhS, ; Charles B, 
Vignoles, F.E.S.; Prof. W. J, Macquorn Eunkine, LL.D., F.E.S. ; .laims 
Nasmyth, C.E. ; W. Froude, F.E.S. 

Secretaries.— 11. M. Brunei; P. Le Neve Foster, M.A,; John 0. Gamble, B.A.- 
James N, Shoolhred, ^ 
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TRUSTEES (PERMANENT). 

Gonoral Sir Edward Sabine, K.C.B., ll.A., D.C.L., Rll.S. 

Sir riiiLiP DK M. CJrey-Eoerton, Barfc., M.P., F.li.S., F.G.S 
Sir John Lubbock, Bart., M.B., P.R.S., E.L.S. 

PRESIDENT. 

DR. W. B. CARPENTER, LL.D., P.E.8., F.L.8., F.G.S. 


VICE-PRESIDENTS. 


The Right ITon. the Earl of Chichester, Lord 
Lii'uleniiiit of the County of Sussex. 

Ills (Jraee The DuKK of NoRiotK, 
ilia (Imeo The Duke of Richmond, K.G., P.C., 
D.C.L. 


His Grace The DUKK OF DEVONSHIRE, K.G.* 
D.C.L., F.R.S. 

Sir.JoHN LuBBOCK,Bart.,M.P.,P.R.8..F.L.S.,F.G,S. 
Dr. SHARrp:y, LL.D., Sec. R.8., F.L.S. 

J. Pkestwich, Esq., F.R.B., Pres. G.8. 


PRESIDENT ELECT. 

JAMES PRESCOTT JOULE., Esq., D.C.L., LL.D., F.R.8. 


VICE-PRESIDENTS ELECT. 


The Right lIon.theEARLOFRossK, F.R.S.,F.R.A.S. 
The Right Hon. Lord Hovohton, D.C.L., F.R.8. 
M'lu‘ Right Hon. W. E. Forster, M.P. 

The Mayor of Br adford. 


J. P. Gassiot, Esq., D.C.L., LL.D., P.R.8. 
Professor Piiiu.iRS, D.C.L., LL.D., F.R.S. 
John IIawkshaw, Esq., F.R.8., F.G.S. 


LOCAL SECRETARIES FOR THE MEETING AT BRADFORD. 

The Rev. J. R. Campbkll, D.D. 
liiCH uu> Goodmu), Esq. 

Peile Tho.mpson, Esq. 


LOCAL TREASURER FOR THE MEETING AT BRADFORD. 

Alfred Harris, Jun., Euq. 


ORDINARY MEMBERS OF THE COUNCIL. 


Bateman, J. F., Esq., F.R.S. 

Bi;i>dok, John, M.D. 

Dmu'S, Dr. H.. F.R.S. 

J)K La Ri’i', AN AiuH'.N, Esq., F.U.8. 
EyA>8, Joii.N, Kaq, F.R.S. 

Fitch, J. G., Ksq., JNf.A. 

Flower, Professor W. H , F.R.S. 

Foster. Prof. G. C, F.R.S. 

Gai.ton, Francis, Ksq , F.R.S. 
Godwin-Ausi'kn', R. a. C., Ksq., F.R.S. 
Hirst, Dr. T. Archer, F.R.S. 

Hcggins, Willi \m, Esq., D C.L., F.R.S. 
Jeffreys, J. Gwyn, Esq., F.R.S. 


Lockykr, j. N., Esq., F.R.S. 

Mkruifield, C W., Esq., E'.R.S. 

North COTE, Rt. Hon. Sir STAFi'ORDH.jBt., M.P. 
Ramsay, Proft ssor, LL.D,, F.R.S. 

Raw! iNSON, Sir H.. K.C.B., F.R.S. 

BcL\TER, Dr. P. L., F.R S. 

SiKM) NS, C W,. Esq., D.C.L., F.R.S. 
HTincnr.Y. Major-General, F.R.S. 

SrR.AN<tE, Lieut. -Colonel A., F.R.S. 

Tyndall, Professor, LL.D., F.R 8. 
AVhkats'ione, Professor Sir C., R'.R.S. 
SviLLiAMSON, Professor A. AV., F.R.S. 


EX-OFFICIO MEMBERS OF THE COUNCIL. 

The President and President Ehat, the A’iet'-Pr<‘sidenl8 and A ici -Presidents Elect, the Geiy'ral and 
A8si.^tant (Luierul Si cretaries, the General Treasurer, the Trustees, and the Presidents of former 


years, viz. : — 

The Duke of Devonshire. 

'j'lie Rev. T. R. Rohinson, D.D. 
Sir G. B. Airy, A.‘dronoiiier Royal. 
General Sir E. Sabine, K.C.B. 
The Earl of Harrow by. 

The Duke of Argyll. 

The Rev. II. Lloyd, D.D. 


Richard Owen, M.D., D.C.L. 

Sir AV. Fnirh.'iini, Bart., LL.D. 
The Rev. Professor AA'illis, F.R.S. 
Sir AV. G. Armstrong, C.B., LL.D. 
Sir Chas. Lyell, ilart., M.A ,LL.D. 
Professor iMnllips, M.A., D.C.L. 


Bir AVilliam R. Grove, F.R.S. 
The Duk(* of Biu'eleueli, K.B. 
Dr. Joseph D. Hooker, D.C.L. 
Professor Stokes, C.B., D.C.L. 
Prof. Huxley, LL.D. 

Prof. Sir AV . Thomson, D.C.L. 


GENERAL SECRETARIES. 

Capt. Douglas Galton, C.B., R.E.,F.H.8., F.G.S., 12 Cluster Street, Grosyeuor Place, London, S.W. 
Prof. Michael Foster, _M.D., F.R.8., Trinity College, Cambridge. 


ASSISTANT GENERAL SECRETARY. 

George Guueith, Esq,, M.A., Harrow-ou the-hill, Middlesex. 


GENERAL TREASURER. 

AA illiam SroTTiswooDE, Esq., M.A , LL.D., F.R.S,, F.R.G.S., 50 Grosvenor Place, London, 8. W. 

AUDITORS. 

John Ball, Esq., F.R.S. J. Cwyn Jiftreys, Emp, F.R.S, Colonel Lane Fox F.G.S. 
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REPORT — 1872, 


Report of the Council for the Year 1871-72 presented to the General 
Committee at Brighton ^ on Wednesday y August \4^thy 1872, 

At eacli of their Meetings during the present year, the Council have 
received a Report from the General Treasurer, and his Report for the year 
will be laid before the General Committee this day. 

The Council have to announce that a vacancy has occurred in the number 
of the Trustees in consequence of the death of Roderick Murchison. 

The Council take this opportunity of expressing their regret at the great 
loss which Science lias sustained by his death. He worked long, earnestly, 
and with eminent success in the Sciences of Geology and Geography, and was 
at all times a steady patron of rising Scientific Men in all branches of Hciencc. 
He was a Member and strenuous supporter of this Association at its first 
formation in 1831, and continued until the close of his life a very constant 
attendant at its Meetings and a firm promoter of its interests. 

The Council recommend that Sir John Lubbock, Bart., be selected to fill 
the vacancy. 

The list of Sectional Officers, which the Council will submit to the General 
Committee, has been arranged in accordance with the resolution of the 
General Committee at the Meeting at Edinburgh in 1871, viz. the Section 
of Biology has been divided into the three Departments of Anatomy and 
Physiology, Anthropology, and Zoology and Botany, and the Council have 
designated the Chairmen and Secretaries to take charge of the several 
Departments. 

In accordance with the following resolution of the General Committee at 
Edinburgh, viz. : — 

That ihe President and General Officers, with power to add to their 
number, be requested to take such steps as may seem to them desi- 
rable in order to promote observations on the forthcoming Total Solar 
Eclipse, 

a Committee was formed, consisting of the President, and General Officers of 
the Association, Professor J. C. Adams, Sir G. B. Airy, Astronomer Royal, 
Professor Clifton, Mr. De La Rue, Dr. Erankland, Mr. Hind, Mr. Lassell, 
President R.A.S., Lord Lindsay, Mr. Lockyer, General Sabine, General Stra- 
chey, Colonel Strange, and Professor Stokes ; and a Letter was addressed by 
the President to the First Lord of the Treasury, requesting the Government 
to contribute X2000 towards the expenses of the Expedition, to aftbrd to the 
Expedition the assistance of a Government Steamer to convey tlie parties 
composing it to the Stations for observation selected on the Coasts of Ceylon 
and India, and to obtain for the Expedition the cooperation of the Governor- 
General of India and of the Governor of Ceylon. 

Her Majesty’s Government acceded to the request contained in this letter. 
The Expedition was formed by the Committee, and proceeded to Ce 3 don and 
India in the charge of Mr. Lockj’er and Dr. Thomson. The Governor-General 
of India and the Governor of Ceylon forwarded the objects of the Expedition 
by all means in their power. 



REPORT OP THE COUNCIL. xlix 

The report of the proceedings and results of the Expedition will bo pre- 
sented to the Association by the Eclipse Committee in the usual course. 

The Council have received a communication from the Royal Astronomical 
Society, informing them that that body contemplated printing, in a separate 
volume of their Transactions, the results of the observations of the Solar 
Eclipses of 18G0 and 1870 ; and that, under these circumstances, they con- 
sidered it would be advantageous to Science to publish, in the same manner, 
the results of the Observations made in 1871, under the auspices of the 
British Association; thus presenting a Record of all these Observations in 
one uniform Series. 

The Council resolved to accept the proposal of the Council of the Royal 
Astronomical Society, and they appointed a Committee, consisting of Mr. 
Warren Oe La Rue, Colonel Strange, Dr. Huggins, and Mr. Lockycr, to 
arrange the necessary details with the Council of the Royal Astronomical 
Society. 

There were five other resolutions referred to the Council for consideration 
or action, upon which the proceedings of the Council have been as follows; — 

First IlesolatioH , — ‘‘ That the President and Council of the British Asso- 
ciation be authorized to cooperate with the President and Council of the 
Royal Society, in whatever way may seem to them best, for the promotion of 
a Circumnavigation Expedition, specially fitted out to carry the Physical and 
Biological Pixploration of the Deep Sea into all the Great Oceanic areas.*’ 

A copy of this Resolution was forwarded to the Royal Society, and a Com- 
mittee was appointed, consisting of the President and OHicers of the Asso- 
ciation, Dr. Carpenter, Professor Huxley, Mr. Gwyn Jefifeys, Mr. C. W. 
Siemens, and Professor Williamson, and authorized to cooperate with the 
Cominittee of the Royal Society in carrying out the objects referred to in the 
Resolution. The Expedition has been organized, the ship ‘ Challenger ’ is 
being fitted out at Sheerncss, Captain Nares has been appointed to the com- 
mand, and Professor Wyville Thomson (who has obtained three years’ leave 
of absence from the University of Edinburgh) is appointed to the Scientific 
charge, with an adequate Stall' under him. It is hoped that the Expedition 
will sail about the end of November. 

Second llesoluiion. — 1. That it is desirable that the British Association 
apply to the Treasury for Eunds to enable the Tidal Committee to make 
observations and to continue their calculations. 

“ 2. That it is desirable that the British Association should urge upon 
the Government of India the importance, for navigation and other practical 
purposes, and for science, of making accurate and continued observations on 
the Tides at several points on the coast of India.’’ 

The Council added General Btrachey to the Committee on Tides. The 
Government of India, upon their application, have agreed to defray the 
expense of making Tidal observations in India, and of causing the experi- 
ments to be reduced according to the methods devised by tlie Committee on 
Tides. 

In pursuance of the first part of this Resolution, the C )mmittee on Tides 
being authorized by the Council to make an apjdication to the Government, 
presented the following Memorial to the Lords Commissioners of H.M. 
Treasury ; — 


1872, 


d 
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REPORT — 1873. 


To the Right Honourahle the Lords Commissioners of Her Majesty* s Treasury, 

The Memorial of the Bntish Association for the Advancement of Science, 

Htobly Sheweth, 

That in the year 1867 the British Association appointed a Com- 
mittee ^for the purpose of promoting the extension, improvement, and 
harmonic analysis of tidal observations/ From that time until the present, 
under Committees reappointed from year to year, the proposed work has been 
carried on. The mode of procedure adopted, and the results obtained up 
to the month of August 1871, arc fully stated in the accompanying series of 
printed reports. 

2. The primary object of the investigation is the advance of tidal science ; 
but the Committee have uniformly kept in view the practical application 
of their results to Physical Geography, Meteorology, Coast and Harbour 
Engineering, and Navigation. 

“ 3. A largo mass of valuable observations recorded by self-registering 
tide-gauges during the last twenty years having been found available, the 
Committee have applied themselves in the first place to the reduction of 
these observations, and have deferred the object of promoting observations 
in other localities until the observations already made have been utilized to 
the utmost. 

4. The work thus undertaken has proved, as was anticipated, most 
laborious. The calculations have been performed, under tlic superintend- 
ence of Sir William Thomson, by skilled calculators recommended by the 
Nautical Almanac Office. The funds required to pay the calculators, and to 
print and prepare Tables, forms for calculation, &c., to the amount of X'GOO, 
have been granted by the British Association in four successive annual 
allowances of ^100 each, and a sum of ^200 voted at the last Meeting. 
The last grant barely sufficed for the work actually in hand, and to secure 
the continuance of the investigation additional funds are necessary. Tlie 
Council of the British Association therefore directed the Tidal Committee to 
make an application to the Government for assistance, the amount at present 
asked for being limited to .£150. 

^^5. It seemed to the Council that after the Association had done so much 
in the way of actual expenditure of time by the ^Members of its Committee, 
and had given such a large contribution from its very limited funds, enough 
had been done to show the object to be one for which assistance may 
reasonably be expected from Government. On representations made by 
Colonel Walker, Director of the Trigonometrical Survey of India, the Indian 
Government has already granted the means of defraying the expense of 
making Tidal Observations in India, and applying to them the methods of 
reduction devised by the Committee of the British Association. The Council 
hope, therefore, that the Government of this country may bo similarly dis- 
posed to assist in a matter of national importance. 

(Signed) “William Thom sox. 

President of the British Association'* 

“ May 21, 1872.’» 

The Council regret to state that the application was rejected upon the 
grounds explained in the following letter ; — 

“ Treasury Charubers, 

urd Juno, 1872. 

“ SiK, — The Chancellor of the Exchequer has referred to the Lords Com- 
missioners of Her Majesty’s Treasury the Memorial of the British Association 
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for the Advancement of Science, forwarded to him with your letter of 21st 
ultimo, praying for Government assistance in connexion with Tidal Obser- 
vations. 

I am to state that their Lordships have given their anxious attention to 
the Memorial, and they arc fully sensible of the interesting nature of sucli 
investigations, but that they feel that if they acceded to this request, it 
would be impossible to refuse to contribute towards the numerous other ob- 
jects which men of eminence may desire to treat scientifically. 

“ Their Lordships must, therefore, though with regret, decline to make a 
promise of assistance towards the present object out of the public funds. 

“ I am, 8ir, 

“ Your obedient Servant, 

(Signed) “ AVilliam Law.’^ 

‘‘ Sir W* Thomson^ Atlienamm Cluh.’^ 

Third Resolution. — That the Council of the Association be requested to 
take such steps as to them may seem most expedient in su])port of a proposal, 
made by Dr. liuys Dallot, to establish a telegraphic meteorological station at 
the Azores.’’ 

The Council appointed a Committee of their ovm body to report upon this 
proposal. The Committee after due deliberation re])orted tliat, while symjia- 
thizing with the proposal made by Dr. liuys liailot, they cannot recommend 
a grant of money to be made by the Association for carrying it out. in this 
recommendation the Council concur. 

Fourth Resolution. — “ Tliat tin* Council be requested to take into con- 
sideration the dosiral)i]ity of the publication of a ] periodic record of advnucos 
made in the various branches of science represented by the British Associa- 
tion.’’ 

The Council, after a careful consideration of this proposal, arc not prepared 
to recommend the Association to undertake the jmblication of a periodic 
r(’cord of advances made in the various branches of science represented by 
the Sections of the British Association. Tluy are of opinion that in so vast 
an undertaking special Societies should he iuvitod to ]>r(‘pare such records, 
the action of the Association being limited to occasional grants in aid. They 
are of opinion, however, that tlie Association would do well to promote the 
more frequent publication in their Proceedings of critical reports on various 
branches of science, of tiie same nature as those which have already rendered 
previous volumes so valuable to investigators. 

Fifth Jicsolution. — ^‘1. That the Conneil of this Association bo icquestcd 
to take such steps as may appear to them desirable with rcfeii'uee to the 
arrangement now in contemplation to establish ‘l.eaving Examinations,’ and 
to report to tho Association on the present position of scicnee-teaebing in 
tlie public and first-grade schools. 

“ 2. That the Council be requested to take such steps ns they deem viscst 
in order to promote tho introduction of scientific instruction into tl:e ele- 
mentary Bchools throughout the country.” 

A Committee, consisting of the President and tho General Officers, Mr. G. 
Busk, Dr. Debus, Dr. Duncan, Air. Pitch, Professor Af. Poster, Air. P. Galton, 
Dr. Hirst, Professor Huxley, Sir John Lubbock, Burt., ^ir J. Paget, Bart., 
Bev. Professor I’rice, Professor Heniy J. S. ^^’mith, Professor Ftokes, Professor 
Tjndull, and Professor AVilliamsou, was njqmiutcd to consider tho first of 
these resolutions, and to report on them to the Council, 

c?2 
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Itt accordance with the recommendation of this Committee the Council 
adopted the following Resolution : — 

That, having had under consideration the requests which the Committco 
of Masters of Schools have made to the Universities of Oxford and 
Cambridge upon points in which the Education of the Universities 
and Schools came into contact, the Council of the British Association 
recommend that Arithmetic, and cither Elementary Physics or Che- 
mistry experimentally treated, be introduced into the Leaving Exa- 
minations as compulsory subjects. 

That the Head-Masters of Public Schools bo requested to furnish 
the Council with information about the present position of Science- 
teaching in their Schools. 

and the Council have communicated thereon with the Universities of Oxford 
and Cambridge, but at present no decision respecting ‘‘ Leaving Examinations ’’ 
has been arrived at in these Universities. 

In accordance with the terms of the resolution passed by the General 
Committee last year, appointing a Committee on Science Lectures and Orga- 
nization, the action j)roposcd to be taken by this Committee in the following 
resolutions, was referred to the Council and sanctioned. 

1. That a Subcommittee, consisting of Ur. Carpenter, Prof. ■Williamson, 
Prof. W. G. Adams, Ur. Hirst, Mr. Geo. GriflUh, Ur. Michael Poster, and 
Prof. Roscoe bo appointed for one year for tlie purpose of preparing a list 
of Lecturers for the consideration of this Committee, and of communicating 
with the various towns with the view of establishing a system of Science 
Lectures throughout the country. 

2. That the names of the proposed Lecturers be selected (with their 
consent)^ from amongst the Members of the General Committee of the 
Association, or from amongst the Graduates of any University in the 
United Kingdom; and tliat the subjects upon wliich the Lectures be de- 
livered shall be such as are included in one or other of the Sections of the 
Association. 

The Committee liave drawn up a Report, dealing generally with the sub- 
ject of their inquiry, which the Council recommend should be referred to the 
Committee of Recommendations. 

The Council have had under consideration the question of enabling 
Members, who are unable to be present at the Meetings, to obtain the 
Journal and other Printed Papers, and they have adopted a Regulation iis 
follows 

The Journal, President's Address, and other Printed Papers issued by the 
Association during the Annual Meeting will be forwarded daily to Members 
and others, on application and prepayment of 28, 6d, to the Clerk of the 
Association, on or before the first day of the Meeting. 

The Council regret to have to announce that the state of health of 
Ur. Thomas Thomson renders him unable to continue to act as one of the 
General Secretaries of tlie Association after the present Meeting. They 
cannot refrain from expressing their great regret at the loss of his valuable 
services. 

The Council have agreed to recommend that Professor Michael Poster, 
P.R.S., be appointed one of the General Secretaries in his place, and his 
name will be proposed to the General Committco at the Meeting for the 
Election of the Council and Officers on Monday next. 

The Council have added the following names of gentlemen, present 



RECOMMENDATIONS OF THE GENERAL COMMITTEE. liii 

at the last Meeting of the Association, to the list of Corresponding Members, 
viz. : — 

Ilis Imperial Majesty the Emperor of the Brazils. 

Professor Dr. Colding. 

Dr. Giissfeldt. 

Dr. Liiroth. 

Dr. Liiiken. 

Dr. Joseph Szabd. 

The General Committee are reminded that Bradford has been selected as 
tlie place of meeting for next year. Invitations for subsequent Meetings 
have been received from Belfast and Glasgow, 


Hecommendations adoptei) ry the General CoMMriTEE at the Brighton 
^^Feeting in Aegcst 1872. 

[When Conunittces arc appointed, the Member first named is regarded as the Secretary, 
except tliere is a specific nomination.] 

Involving Grants of Money. 

That the Committee, consisting of Professor ('aylcy, Professor Stokes, 
Professor H. J. S. Smith, Sir W. Thomson, and Mr. J. W. L. Glaisher (Se- 
cretary), on Mathematical Tables he reappointed, with a grant of £100 for 
the calculation and printing of numerical tables. 

That the Committee on Tides, consisting of Sir "NV. Thomson, Professor J. 
C. Adams, Professor W, J. M. Bankinc, Mr. J. Oldham, Bear- Admiral 
Bichards, General Strachey, Mr. AV. Parkc.s, and Colonel Walker, he reap- 
pointed, Avith a grant of £400 to complete the reduction of Tidal Observations 
from existing data, and that an urgent recommendation he made to the 
Government to undertake Tidal Observations and their rcdiiclioii. 

That the Committee for reporting on tlie Bainfall of the British Isles he 
reappointed, and that this Committee consist of Mr. Charles Brooke, Mr. 
Glaisher, Professor Phillips, Mr. G. J. Symons, Mr. J. F. Bateman, Mr. B. 
W. Mylne, Mr. T. HaAvksley, Professor J. C. Adams, Mr. C. Tomlinson, 
Professor SylA^cstcr, Dr. Pole, Mr. Bogers Field, Professor Ansted, and Afr. 
Buchan ; that Mr. G. J. Symons he the Secretary, and that the sum of £100 
he placed at their disposal for tlie purpose. 

That the Committee on Underground Temperature, consisting of Professor 
Everett (Secretary), Sir W. Thomson, Sir Charles Lycll, Bart., Professor 
J. Clerk MaxAVcll, Professor Phillips, Mr. G. J. Symons, Professor Bamsay, 
Professor Geikio, Mr. Glaisher, Bcv. Dr. Graham, Mr. George Maw, Mr. 
Pcngelly, Mr. S. J. Alackic, Professor Edward Hull, and Professor Ansted, 
he reappointed ; that Air. Joseph Prestwich be added to the Committee, and 
that the sum of £150 (£100 being a grant already made Avhich has lapsed) 
he placed at their disposal for the purpose. 

That a grant of £50 having been made for the Calculation of the Gaussian 
Constants, and only £40 haAuiig been draAvn by the late Chairman Sir J. 
Ilerschel, the remaining £10 bo regranted to Mr. G. Griffith and Professor 
Ermau for expenses already iiicuiTcd. 

That the (jommittco on Luminous Meteors, consisting of Air. Glaisher, 
Air. B. P. Greg, Professor A. 8. Ilerschcl, be reappointed, Avitli a grant of £80 
for projecting and reducing upon suitable maps the observations of meteors 
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eolleoted during tho last fow years by the Committeoj so as to show their 
radiant points. 

That Mr. Glaisher, Col. Strange, Sir W. Thomson, Mr. Brooke, Mr. 
Walker, Dr. Mann, and M. do Fonviello bo a Committee for tho purpose of 
investigating the efficacy of Lightning-conductors, giving suggestions for 
their improvement, and reporting upon any case in which a building has been 
injured by lightning, especially whore such building was professedly protected 
by a lightning-conductor, and that the sum of .£50 be placed at their dis- 
posal for the purpose. 

That Professor A. W. Williamson, Sir W. Thomson, Professor Clerk Max- 
well, Professor G. C, Foster, Mr. Abel, Professor F. Jonkin, Mr. Siemens, 
and Mr. R. Sabine be reappointed a Committee for tho purpose of testing 
the ^{ew Pyrometer of Mr. Siemens, and that the sum of £30 bo placed at 
their disposal for the purpose. 

That the Committee, consisting of Dr. Huggins, Mr. J. N. Lockyer, Dr. 
Reynolds, Professor Swan, and Mr. Stoncy, on Inverse Wave-lengths bo 
reappointed, and that the sum of £150 be placed at their disposal. 

That tho Committee on the Thermal Conductivity of Metals, consisting of 
Professor Tait, Professor Tyndall, and Professor Balfour Stewart, ho reap- 
pointed, and that the sum of £50 bo placed at their disposal for tho 
purpose. 

That Professor Williamson, Professor Roscoe, and Professor Frankland 
bo a Committee for the purpose of superintending the Monthly Records of the 
Progress of Chemistry published in the Journal of tho Chemical Society, and 
that the sum of £200 (last year’s grant of £100 was not drawn) ho placed at 
their disposal for tho purpose. 

That Dr. Gladstone, Dr. C. R. A. Wright, and Mr. Chandler Roberts be 
reappointed a Committee for the purpose of investigating tlie chemical consti- 
tution and optical properties of essential oils ; that Mr. Chandler Roberts bo 
tho Secretary, and that tho sum of £30 be placed at their disposal for tho 
purpose. 

That Dr. Crum Brown, Mr. Dev/ar, Dr. Gladstone, Dr. Williamson, Sir 
W. Thomson, and Professor Tait be a Committee for the purpose of deter- 
mining tho temperatures of incandescent bodies by tho refrangibility of tho 
light they emit, and that the sum of £50 be placed at their disposal for tho 
purpose. 

That Dr. Crum Brown, Professor Tait, and Mr. Dewar be a Committee for 
the purpose of investigating the Electric Tensions of galvanic cells in wliicli 
the oxides or acids of chlorine or iodine form tlic liquid elements, and that 
the sum of £25 be placed at their disposal for the i)urpose. 

That Professor Ramsay, Professor Geikie, Professor J. Young, Professor 
Hicol, Dr. Bryce, Dr. Arthur Mitchell, Professor Hull, 8ir R. Griffitli, 
Bart., Dr. King, Professor Harkness, Mr. Prestwich, Mr. Hughes, Rev. 
H. W. Crosskoy, Mr. W. Jolly, Mr. D. Milne Home, and Mr. Pengclly 
bo reappointed a Committee for the purpose of ascertaining tho existence in 
different parts of the United Kingdom of any Erratic Blocks or Boulders, 
indicating on Maps their position and height above the sea, as also of ascer- 
taining the nature of the rocks composing these blocks, their size, shape, 
and other particulars of interest, and of endeavouring to prevent the destruc- 
tion of such blocks as in tho opinion of the Committee are worthy of l)eing 
preserved ; that the Rev. H. W. Crosskey bo the Secretary, and that the sum of 
£1 0 be placed at their disposal for the purpose. 

That Sir C. LvelL Bnrt.. Profoasor Phillina. Sir J. T,nUhnr>lr TUvf ivr.. 
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J. Evans, Mr. E. Vivian, Mr. W. Pengelly, Mr. G. Busk, Mr. W. B. Dawkins, 
and Mr. W. A. Sandford be a Committee for the purpose of continuing tbo 
Exploration of Kent’s Cavern, Torquay ; that Mr. Pengelly be the Secretary, 
and that the sum of .£150 be placed at their disposal for the purpose. 

That Sir J. Lubbock, Bart., Professor Phillips, Messrs. W. Boyd Dawkins, 
and T. McKenny Hughes, be a Committee for the purpose of carrying out 
the exploration of the Settle Cave ; that Mr. W. Boyd Dawkins be the Se- 
cretary, and that the sum of <£50 be placed at their disposal for the purpose. 

That Mr. G. Busk, Dr. Leith Adams, and Mr. Boyd Dawkins be reap- 
pointed a Committee for the purpose of illustrating by plates an account of 
the Fossil Elephants of Malta ; that Dr. Leith Adams be the Secretary, 
and that the sum of £25 be placed at their disposal for the purpose. 

That Professor Harkness, Mr. James Thomson, Dr. Duncan, and Mr. Thomas 
Davidson be reappointed a Committee for the purpose of continuing the 
investigation of Carboniferous Corals with the view of reproducing them 
for publication ; that Mr. Thomson be the Secretary, and that the sum of 
£25 be placed at their disposal for the purpose. 

That Mr. Carruthors, Mr. W. II. Baily, Professor Harkness, and Professor 
Hull be a Committee for the purpose of investigating the Fossil Flora of 
Ireland ; that Mr. W. H. Baily be the Secretary, and that the sum of £20 
be placed at their disposal for the purpose. 

That Professor Harkness, Mr. W. Jolly, and Dr. J. Bryce be a Committee 
for the purpose of collecting Fossils from localities of difficult access in North- 
western Scotland, that the specimens be deposited in the Edinburgh In- 
dustrial Museum, and that duplicates be deposited in such Museums as the 
authorities of the Association may designate ; that Mr. AVilliam Jolly be the 
Secretary, and that the sum of £10 be placed at their disposal for the 
purpose. 

That Dr. Br}xe, Sir W, Thomson, Mr. J. Brough, Mr. G. Forbes, Mr. D. 
litilnc Home, and Mr. James Thomson be a Committee for the purpose of 
continuing the observations and records of Earthquakes in Scotland ; that 
Dr, Bryco bo the Secretary, and that the sum of £20 be placed at their 
disposal for the purpose. 

That Messrs. H. Willett, Godwin- Austen, W. Topley, T. Davidson, J. 
Prcstwich, W. Boyd Dawkins, and H. Woodward be a Committee for the pur- 
pose of promoting the “ Sub-Wealden exploration ; ” that ^fr. Henry Willett 
bo the Secretary, and that the sum of £25 bo placed at their disposal for the 
pur})ose. 

That Colonel Lane Fox, Dr. Beddoo, IMr. Franks, ^fr. Francis Galton, 
Mr. E. W. Hrabrook, Sir J. Lubbock, Bart., Sir Walter Elliot, iMr. Clements 
K. ^larkhara, and Mr. E. B. Tylor be a Committee for the purpose of prt'- 
paring and publishing brief forms of instruction for travellers, ethnologists, 
and other anthropological observers ; that Colonel Lane Fox be the Secre- 
tary, and that the sum of £25 be ])laced at their disposal for the purpose. 

That Mr. Staintoii, Professor Newton, and Sir John Lubbock, Bart., bo 
reappointed a Committee for the purpose of continuing a Ih^cord of Zoolo- 
gical Literature ; that Mr. Stainton be the Secretary, and that the sum of 
£100 bo placed at their disposal for the purpose. 

That Professor Sir Bobert Christison, Bart., Dr. Laycock, and Dr. Fraser 
be a Committee for the purpose of investigating the antagonism of the action 
of poisonotR substances ; that Dr. Fraser be the Secretary, and that the sum 
of £20 be placed at their disposal for the purpose. 

That Professor Balfour, Dr. Cleghorn, Mr. Bobert Hutchinson, Mr. Buchan, 
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and Mr, Sadler bo reappointed a Committee for the purpose of taking obser- 
vations on the effect of tlic denudation of timber on the rainfall of North 
Britain ; that Mr. Hutchinson be the Secretary, and that the sum of £20 be 
placed at their disposal for the purpose, the grant made last year not having 
been drawn. 

That the Committee for the purpose of continuing the investigations on 
the Ti’eatment and Utilization of Sewage be renewed, and that such Com- 
mittee consist of Mr. It. B. Grantham, Professor Corfield, Mr. J. Bailey 
Denton, Mr. Bramwell, Dr. J. H. Gilbert, Mr. W. Hope, Dr. A. Yoclckcr, 
Professor Williamson, and Professor Way, and that the sum of £100 be 
placed at their disposal for the purpose. 

That the Committee, consisting of Mr. Proude, Professor W. J. !Macqiiorn 
Bankine, Mr. C. W. Merrifield, Mr. C. W. Siemens, Mr. Bramwell, Mr. A. E. 
Eletchcr, the Bev J. Berthon, Mr. Shoolbred, Mr. James B. Napier, and Mr. 
W. Smith previously appointed for measuring the speed of shijis by means of 
the difference of the height of two columns of liquid, be requested to report 
generally on the subject of instruments for testing the speed of ships, and that 
they be requested to present a separate report on the special class of instru- 
ments therein referred to them ; that the sum of £50 be placed at their dis- 
posal for the purpose, and that Mr. J. Shoolbred be the Secretary. 

Applications for Reports and Researches not involving Grants of Money, 

That the Committee, consisting of Dr. Joule, Sir W. Thomson, Professor 
Tait, Professor Balfour Stewart, and Professor J. C. Maxwell, be reappointed 
to effect the determination of the Mechanical Equivalent of Heat. 

That the Eclipse Committee, consisting of the President and General Offi- 
cers (with power to add to their number), be reappointed. 

That Sir W. Thomson, Professor Everett, Professor G. C. Poster, Professor 
J. C. Maxwell, Mr. G. J. 8toney, Professor Plceming Jenkin, Professor Ban- 
kinc. Dr. Siemens, and Mr. Bramwell be a Committee for reporting on the 
Nomenclature of Dynamical and Electrical Units, and that Professor Everett 
be the Secretary. 

That Professor Sylvester, Professor Cayley, Professor Hirst, Bev. Professor 
Bartholomew Price, Professor H. J. S. 8mith, Dr. Spottiswoode, Mr. B. B. 
Hayward, Dr. Salmon, Bev. B. Townsend, Professor PuUcr, Professor Kel- 
land, Mr. J. M. Wilson, and Professor Clifford bo reappointed a Committee 
(with power to add to their number) for the purpose of considering the pos- 
sibility of improving the methods of instruction in elementary geometry ; and 
that Professor Clifford be the Secretary. 

That Mr. W. H. L. Bussell bo requested to continue his Beport on recent 
progress in the theory of Elliptic and Hypcrclliptic Functions. • 

That Professor Tait be requested to prepare a Beport on Quaternions. 

That the Committee, consisting of the following Members, with power to 
add to their number, — Professor Boscoc, Professor W. G. Adams, Professor 
Andrews, Professor Balfour, Mr. Baxendell, Mr. Bramwell, Professor A. Crum 
Brown, Mr. Buchan, Dr. Carpenter, Professor Core, Dr. Do La Hue, Professor 
Thiselton Dyer, Sir Walter Elliot, Professor M. Foster, Professor Flower, Pro- 
fessor G. C. Foster, Professor Geikie, Dr. J. H. Gladstone, Mr. Griffith, Bev. 
B. Harley, Dr. Hirst, Dr. Hooker, Dr. Huggins, Professor Huxley, Professor 
Fleeming Jenkin, Dr. Joule, Colonel Lane Fox, Dr. Lankester, Mr. J. N. 
Lockyer, Professor Clerk Maxwell, Mr. D. Milne-Home, Dr. O’Callaghan' 
Dr, Odling; Professor Bamsay, Dr. Spottiswoode, Professor Balfour Stewart] 
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Mr. Stainton, Professor Tait, !Mr. J. A. Tinne, Dr. Allen Thomson, Sir William 
Thomson, Professor Wyvillc Thomson, Professor Turner, Colonel Strange, 
Professor A. W. Williamson, Mr. G. V. Yernon, Dr. Young; and that Pro- 
fessor Eoscoo be the Secretary, — bo reappointed — 

1®, to consider and report on the best means of advancing science by 
Lectures, vdth authority to act, subject to the approval of the 
Council, in the course of the present year, if judged desirable. 

2®, to consider and report whether any steps can be taken to render 
scientilic organization more comj)letc and effectual. 

That Mr. llobcrts, Dr. Mills, Dr. Stenhousc, Dr. Bo 3 ''cott, and ^fr. Gadcs- 
den be a Committee for the purpose of inquiring into the method of making 
gold assays, and stating the results thereof ; that Mr. W. C. llobcrts be the 
Secretary. 

That Professor Phillips, Professor Harkness, Mr. Henry Woodward, Mr. 
James Thomson, and ]Mr. L. C. Miall be a Committee for the purpose of 
investigating and reporting upon the Labyrintliodonts of the Coal-measures ; 
and that Mr. L. C. Miall be the Secretary. 

That the llcv. Canon Tristram, Professor Newton, Mr. II. E. Dresser, Mr. 
J. E. Harting, and the Pev. II. F. Barnes, with the addition of ]Mr. Harland 
of Bridlington, and Mr. Monk of Lewes, be appointed a Committee for the 
purpose of continuing the investigation on the desirability’ of establishing 
a close time ” for the preservation of indigenous animals ; that Mr. H. E. 
Dresser be the Secretary. 

That Dr. llolloston, Dr. Sclater, Dr. Anton Dohrn, Professor Huxley, Pro- 
fessor Wyville Thomson, and Mr. E. Bay Lankestcr be reappointed a Com- 
mittee for the purpose of promoting the foundation of Zoological Stations ; 
that Dr. Anton Dohrn be the Secretary. 

That Dr. Arthur Gamgoe, Mr. E. Bay Lankestcr, and Professor M. Foster 
be a Committee for the purpose of investigating the amount of Heat gene- 
rated in the Blood in the process of Arterialization ; that Dr. Gamgce he the 
Secretary. 

That ^Iv. Carruthers, Dr. Hooker, Professor Balfour, and Professor Thisel- 
ton Dyer be reappointed a Committee for the purpose of investigating the 
Fossil Flora of Britain ; that Mr. Carruthers be the Secretary. 

That the Metric Committee be reappointed, such Committee to consist of 
Sir John Bowring, The Bight Hon. Sir Stafford H. Northcote, Bart., C.B., 

M. P., The Bight Hon. C. Ik Adderley, M.P., !Afr. Samuel Brown, Dr. Farr, 
!Mr. Frank P. Fell ewes, Professor Frankland, Mr. James Hoy wood, Pro- 
fessor Leone Levi, ]Mr. C. W. Siemens, Professor A. W. Williamson, Dr. 
Georgo Glover, Sir Joseph AVliitworth, Bart., Mr. J. B. Napier, Mr. J. V. 

N. Bazalgette, and Sir W. Fairbairn, Bari.; that Professor Leone Levi bo 
tlic Secretary. 

That Professor Cayley, Mr. J. W. L. (ilaisher, Dr. W. Pole, Mr. Merrifield, 
Professor Fuller, Mr. H. M. Brunei, and Professor W. B. Clifford be a Com- 
mittee to estimate the cost of constructing Mr. Babbage’s Analytical Engine, 
and to consider the advisability of printing tables by its means. 

That a Committee, consisting of Mr. Francis Galton, Mr. W. Froude, Mr. 
C. W. Merrifield, and Professor Bankinc, be appointed to consider and report 
on Machinery for obtaining a record of the roughness of the Sea and Mea- 
surement of Waves near shore. 
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That Sir Henry Rawliiison, Mr. Francis Galton, Admiral Ommanney, Mr. 
Hawkshaw, Mr. Bramvvell, Mr. He La Hue, and Mr. God win- Austen be a 
Committee (with power to add to their number) for the purpose of represent- 
ing to the Government the advisability of an issue of the one-inch Ordnance 
Maps, printed on strong thin paper, each sheet having a portion of an index 
map impressed on the outside, to show its contents and those of the adjacent 
sheets and their numbers. Also that these maps should be sold in all im- 
portant towns and, if possible, at the several Post-offices ; that Mr. Francis 
Galton be the Secretary. 

Resolutions referred to the Council for consideration and action if it 

seem desirable. 

That the Council be requested to take such steps as they deem desirable to 
induce the Colonial Office to afford sufficient aid to the Observatory at ^lau- 
ritius to enable an investigation of the Cyclones of the Pacific Ocean to bo 
carried on there. 

That, in the event of the Council having reason to believe that any changes 
affecting the acknowledged efficiency and scientific character of the Botanical 
Establishment at Kew are contemplated by the Government, the Council bo 
requested to take such steps as in their judgment will bo conducive to the 
interests of Botanical science in this country. 

That the Council be requested to take such steps as they may deem desi- 
rable “ to urge upon the Indian Government the preparation of a Photohclio- 
graph and other instruments for solar observation, with the view of assisting 
in the observation of the Transit of Yenus in 1874, and for the continuation 
of solar observations in India.’’ 

Communications ordered to be printed in extenso in the Annual liejwrt of 

the Association, 

That M. Hermite’s paper, Bur 1’ elimination dcs fonctions arbitraires/’ ])o 
printed in extenso among the llcports. 

That the Tabulated List of species given in Mr. J. Gwyn Jeffreys ’s paper on 
the correlation of the European and North- American Mollusca be printed in 
the Peports of the Association. 

That Mr. Froude’s paper ‘‘ On the Frictional Kesistanco of Surfaces immersed 
in Fluids ’’ be printed in extenso in the Transactions, with the illustrations. 

That Mr. Easton’s paper on the Brighton Waterworks be printed in 
extenso in the Transactions. 

That Mr. BramweU’s paper on Amsler’s Planimeter bo printed in extenso 
in the Transactions. 



SYNOPSIS OP GllANTS OP MONEY. 
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Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Brighton Meeting in August 1872. 
The names of the Members who would be entitled to call on the 
General Ti'easurer for the respective Grants are prefixed. 

Mathematics and Physics, 

♦Cayley, Professor. — !Mathomatical Tables . 100 0 0 

♦Thomson, Professor Sir W. — Tidal Observations 400 0 0 

♦Brooke, Mr. — British llainfall 100 0 0 

♦Everett, Prof. — Underground Temperature (£100 renewed). . 150 0 0 

♦Griffith, Mr. G. — Gaussian Constants (renewed) 10 0 0 

♦Glaisher, ^fr. J. — Luminous Meteors oO 0 0 

Glaishcr, Air. J. — Efficacy of Lightning Conductors 50 0 0 

♦Williamson, Prof. A. W. — Testing Siemens’s New Pyrometer 

(ronowc(l) 80 0 0 

♦Uuggins, Dr. W. — Tables of Inverse Wave-lengths 150 0 0 

♦Tait, Professor. — Thermal Conductivity of Metals 50 0 0 

Chemistry, 

♦Williamson, Prof. A. W. — lleeords of the Progress of Chemistry 

(£100 renewed) 200 0 0 

♦(Uadstone, Dr. — Chemical Constitution and Optical Properties 

of Essential Oils 80 0 0 

Brown, Professor Crum. — Temperature of Incandescent Bodies 50 0 0 

Brown, Professor Crum. — Electric Tensions of Batteries .... 25 0 0 

Geology. 

♦Ham say, Professor. — Alapping Positions of Erratic Blocks and 

Boulders (reiicwed) 10 0 0 

♦Lyell, Sir C., Bart. — Eeiit’s Cavern Exploration 150 0 0 

Lubbock, Sir J. — Exploration of Sctllo Cave 50 0 0 

♦Jhisk, Air. — Fossil Elephants of Alalta 25 0 0 

♦IT arkness, Professor. — Investigation of Fossil Corals 25 0 0 

Cfirruthers, Air. — Fossil Flora of Ireland 20 0 0 

♦Ilarkness, Professor. — Collection of Fossils in the North-West 

of Scotland 10 0 0 

♦Bryce, Dr. — Earthquakes in Scotland 20 0 0 

Willett, Mr. H. — The Sub-Wealden Exploration 25 0 0 

Carried forward £1710 0 0 


• Ecappoiuted, 



lx 


REPORT — 1873. 


Biology, 

Brought forward ^171 0 

Lane Fox, Col. A. — Forms of Instruction for Travellers .... 25 

*Stainton, Mr. — Bccord of the Progress of Zoology 100 

^•^Christison, Sir R. — Antagonism of the Action of Poisons .... 20 

^Balfour, Professor. — Effect of the Denudation of Timber on 

the Rainfall in iN'orth Britain (renewed) 20 


0 0 
0 0 
0 0 
0 0 

0 0 


' Mechanics. 

♦Grantham, Mr. R. B. — Treatment and Utilization of Sewage 100 0 0 

♦Froude, Mr. MT. — Experiments on Instruments for Measuring 

the Speed of Ships and Currents (.£30 renewed) 50 0 0 

Total.. ..^025 ‘ 0 0 


* Reappointed. 


Place of Meeting in 1874. 

It was resolved that the Annual Meeting of the Association in lb74 Ic 
held at Belfast. 



GENERAL STATEMENT 


Ixi 


General Statement of Sums which have been 'paid on Account of Grants 
for Scientific Purposes, 


^ 8, d. 

1834. 

Tide Discussions 20 0 0 

1835. 

Tide Discussions 62 0 0 

llritiih Fossil Ichthyology 105 0 0 

£167 0 0 


1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology 105 0 0 

T hermometric Observations, &c, 50 0 0 

Experiments on long-continued 

Heat 17 1 0 

Rain-Gauges 9 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

"^2134 14 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterranean 

Temperature 89 5 0 

Vitrification Experiments 150 0 0 

Heart Experiments 8 4 6 

Barometiic Observations 30 0 0 

Baionicters 11 18 6 

';E9r8 l4 6 


1838. 

Tide Discussions 29 0 0 

British Fos'iil Fishes 100 0 0 

Meteorological Observations and 

Anemometer (construction) ... 100 0 0 

Cast Iron (Strength of) GO 0 0 

Animal and Vegetable Substances 

(Freservation of) 19 I 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 6 6 

Education Committee 50 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Subterranean Temperature 8 6 0 

Steam-vessels 100 0 0 

Meteorological Committee 31 9 5 

Thermometers 16 4 0 

A’956 T‘2 ' 2 


1839. 

Fossil Ichthyology 110 0 0 

Meteorological Observations at 

Plymouth 63 10 0 

Mechanism of Waves 144 2 0 

BristolTides 35 18 6 


£ 8 , d. 

Meteorology and Subterranean 


Temperature 21 II 0 

Vitrification Experiments 9 4 7 

Cast-Iron Experiments............ 100 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam-vessels' Engines 100 0 0 

Stars in Histoire Celeste ......... 331 18 6 

Stars in Lacaille II 0 0 

Stars in R. A. S. Catalogue 6 16 6 

Animal Secretions 10 10 0 

Steam-engines in Cornwall 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

.£1593 1 1 0 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature 13 13 6 

Heart Experiments 18 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (Histoire Celeste) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations 52 17 6 

Foreign Scientific Memoirs 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Pheno- 
mena 40 0 0 

Meteorological Observations at 

Plymouth 80 0 0 

Magnetical Observations 185 13 9 

£l^) 16 4 


1841. 

Observations on Waves 30 0 0 

Meteorology and Subterranean 

Temperature 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons.... 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 5 0 0 

Marine Zoology.,.,,.,...,........., 15 12 8 

Skeleton Maps 20 0 0 

Mountain Barometers 6 18 6 

Stars (Histoire Celeste) 185 0 0 



Ixii JIEPOHT 

£ t. d. 

Stars (Lacaille) 79 5 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations at 

Inverness 20 0 0 

Meteorological Observations (re- 
duction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs C2 0 0 

Railway Sections 38 1 6 

Forms of Vessels 193 12 0 

Meteorological Observations at 

Plymouth 55 0 0 i 

Magnetical Observations Cl 18 8 

Fishes of the Old Red Sandstone 100 0 0 

Tides at Leith 50 0 0 

Anemometer at Edinburgh 09 1 10 

Tabulating Observations 9 0 3 

Races of Men 5 0 0 

Radiate Animals 2 0 0 

‘ii 1235 10 11 


1842. 

Dynamometric Instruments 113 II 2 

Anoplura Britanniae 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 20 17 0 

Marine Zoology 15 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ Engines... 28 0 0 

Stars (Histoire Celeste) 59 0 0 

Stars (Brit. Assoc. Cat. of) 110 0 0 

Railway Sections 101 10 0 

British Belemniies 50 0 0 

Fossil Reptiles (publication of 

Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Experiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Vight on Growth of Seeds 8 0 0 

Lital Statistics 50 0 0 

Vegetative Power of Seeds 8 111 

Questions on Human Race 7 9 0 

JbU4y 17 8 


1843. 

Revision of the Nomenclature of 


Stars 2 0 0 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 


Anomalous Tides, Frith of Forth 120 0 0 

Hourly Meteorological Observa- 
tions at Kingussie and Inverness 77 12 8 
Meteorological Observations at 


Plymouth 55 0 0 

Whewell’s Meteorological Ane- 
raome tor at Plymouth 10 0 0 


- 1872 . 

£ ». d. 

Meteorological Observations^ Os- 


ier’s Anemometer at Plymouth 20 0 0 

Reduction of Meteorological Ob- 
servations 30 0 0 

Meteorological Instruments and 

Gratuities 39 C 0 

Construction of Anemometer at 

Inverness 56 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recorder for Kew 

Observatory 50 0 0 

Action of Gases on Light ........ 18 10 1 

Establishment at Kew Observa- 
tory, Wages, Repairs, Furni- 
ture and Sundries 133 4 7 

Experiments by Captive Balloons 81 8 0 

Oxidation of the Rails of Railways 20 0 0 

Publication of Report on Fossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections 147 IS 3 

Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomencla- 
ture 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

V’egetative Power of Seeds 5 3 8 

Marine Testacea (Habits of) ... 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on British 

Fossil Mammalia 100 0 0 

Physiological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 30 5 8 

Additional Experiments on the 

Forms of Vessels 70 0 0 

Additional Experiments on the 

Forms of Vessels 100 0 0 

Reduction of Experinicnts on ihe 

Forms of Vessels 100 0 0 

Morin’s Instrument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 

Materials 00 0 0 


4:1505 10 2 


1844. 

Meteorological Observations at 

Kingussie and Inverness 12 0 0 

Completing Observations at Ply- 

mouih 35 0 0 

Magnetic and Meteorological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland 100 0 0 

Revision of the Nomenclature of 

Stars 1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory, 117 17 3 

Instruments for Kew Observalpty 50 7 3 



GENERAL STATEMENT, 


Ixiii 


£ s. d. 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature in 

Ireland 5 0 0 

Coloured Drawings of Railway 

Sections 15 17 0 

Investigation of Fossil Fishes of 

the Lower Tertiary Strata ... 100 0 0 

Registering the Shocks of Earth- 
quakes Ijj42 23 11 10 

Structure of Fossil Shells 20 0 0 

Radiata and Mollusca of the 

TEgean and Red Seas 1842 100 0 0 

Geographical Distributions of 

Murine Zoology 1842 10 0 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality of 

Seeds 9 0 3 

Experiments on the Vitality of 

Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on the 

Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 50 0 0 

Constant Indicator and Morin’s 

Instrument 1842 10 3 C 

~ii9sr~iy”8 


1845. 

Publication of the British Associa- 


tion Catalogue of Stars 

351 

14 

6 

Meteorological Observations at 




Inverness 

30 

18 

11 

Magnetic and Meteorological Co- 




operation 

16 

16 

8 

Meteorological Instruments at 




Edinburgh 

18 

11 

9 

Reduction of Anemomelrical Ob- 




servations at Plymouth 

25 

0 

0 

Electrical Experiments at Kew 




Observatory 

43 

17 

8 

Maintaining the Establishment in 




Kew Observatory 

149 

15 

0 

For Kreil’s Barometrograph 

25 

0 

0 

(iases from Iron Furnaces 

50 

0 

0 

The A cti nograph 

15 

0 

0 

Microscopic Structure of Shells 

20 

0 

0 

Exotic Anoplura 1843 

10 

0 

0 

Vitality of Seeds 1843 

2 

0 

7 

Vitality of Seeds 1844 

7 

0 

0 

Marine Zoology of Cornwall ... 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Statistics of Sickness and Mor< 




tality in York 

20 

0 

0 

Earthquake Shocks 1843 

15 

14 

8 


i:s30 9 9 


1846. 

British Association Catalogue of 

Stars 1844 211 15 0 

Foisil Fishes of the London Ciuy ICO 0 0 


£ s. d. 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Maintaining the Establishment at 

Kew Observatory 14C 10 7 

Strength of Materials 60 0 0 

Researches in Asphyxia 6 16 2 

Examination of Fossil Shells 10 0 0 

Vitality of Seeds 1844 2 15 10 

Vitality of Seeds 1845 7 12 3 

Marine Zoology of Cornwall.,,.., 10 0 0 

Marine Zoology of Britain 10 0 0 

Exotic Anoplura 1844 25 0 0 

Expenses attending Anemometers 11 7 6 

Anemometers’ Repairs 2 3 0 

Atmospheric Waves 3 3 3 

Captive Balloons 1844 8 19 3 

Varieties of the Human Race 

1844 703 

Statistics of Sickness and Mor- 
tality in York 12 0 0 

'£685 10 0 


1847. 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Habits of Marine Animals 10 0 0 

Physiological Action of Mediesnes 20 0 0 

Marine Zoology of Cornwall...... 10 0 0 

Atmospheric Waves 6 9 3 

Vitality of Seeds 4 7 7 

Maintaining the Establishnient at 

Kew Observatory 107 8 6 

~]^08~~'5 4 


1848. 

Maintaining the Establishment at 

Kew Observatory 171 15 11 

Atmospheric Waves 3 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogues of Stais 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 


£275 I 8 


1849. 

Electrical Observations at Kew 

Observatory 50 0 0 

Maintaining Establishment at 

ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants... 5 0 0 

Regiatration of Periodical Phe- 
nomena 10 0 0 

Bill on account of Anemomelrical 

Observations 13 9 0 


£159 19 6 

1850. ~ 

Maintaining the Establishment at 


Kewr Observatory 255 18 0 

Transit of Earthquake Waves ... 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instrument, 

Azoies 25 0 0 


£345 18 0 



Ixiv 


KEPORT 1872. 


J5 d. 

1851. 

Maintaining the Establishment at 
Kew Observatory (includes part 

ofgrantin 1840) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animals 

and Plants 5 0 0 

Vitality of Seeds 5 6 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida 10 Q 0 


£301 9 7 

1852. 

Maintaining the Establishment at 
Kew Observatory (including 
balance of grant for 1850) ... 233 17 8 

Experiments on the Conduction 

of Heat 5 2 9 

Influence of Solar Radiations ... 20 0 0 

Geological Map of Ireland 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Vitality of Seeds 10 G 2 

Strength of Boiler Plates 10 0 0 

£304 6 7 

1853. * 
Maintaining the Establishment at 

Kew Observatory 165 0 0 

Experiments on the Influence of 

Solar Radiation 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Dredging on the East Coast of 

Scotland 10 0 0 

Ethnological Queries 5 0 0 

je205 0 0 

1854. — — — 
Maintaining the Establishment at 

Kew Observatory (including 


balance of former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 

' £380 19 7 

1855. 

Maintaining the Establishment at 

Kew Observatory 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds 10 7 11 

Map of the World. 15 0 0 

Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 

£480 16 4 


1856. 

Maintaining the Establishment at 
Kew Observatory; — 

1854 £ 75 0 0\ . 

1855 £500 0 0/ ^ 


£ jr. d, 

Strickland's Ornithological Syno- 
nyms 100 0 0 

Dredging and Dredging Forms... 9 13 9 

Chemical Action of Light 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical Pheno- 
mena ,,,,, 10 0 0 

Propagation of Salmon 10 0 0 

£734 13 9 

1857. 

Maintaining the Establishment at 

Kew Observatory 350 0 0 

Earthquake Wave Experiments. . 40 0 0 

Dredging near Belfast 10 0. 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Investigations into the Mollusca 

of California 10 0 0 

Experiments on Flax 5 0 0 

Natural HEtoiy of Madagascar. . 20 0 0 

Researches on British Annelida 25 0 0 

Report on Natural Products im- 
ported into Liverpool 10 0 0 

Artificial Propagation of Salmon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterraupan 

Observations 5 7 4 

Life-Boats 5 0 0 

£50^15 '4 

1858. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Earthquake Wave Experiments.. 25 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seeds 5 5 0 

Dredging near Belfast 18 13 2 

Report on the British Annelida... 25 0 0 


Experiments on the production 

of Heat by Motion in Fluids ... 20 0 0 

Report on the Natural Products 

imported into Scotland 10 0 0 

1^18 18 ^ 2 


1859. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Dredging near Dublin 15 0 0 

Osteology of Birds 50 0 0 

Irish Tunicata 5 0 0 

Manure Experiments 20 0 0 

British Medusidue 5 0 0 

Dredging Committee 5 0 0 

Steam- vessels' Performance ...... 500 

Marine Fauna of South and West 

of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents 39 1 1 0 

1860. - — -r 

Maintaining the Establishment 

of Kew Observatory 500 0 0 

Dredging near Belfast 16 6 0 

Dredging in Dublin Bay 15 0 0 



GENERAL STATEMENT 


Ixv 


£ s. d. 

Inquiry into the Peifonnance of 

Steam- vessels 124 0 0 

Explorations in the Yellow Sand- 
stone of Dura Den 20 0 0 

Chemico-mechanical Analysis of 

Rocks and Minerals 25 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility of 

Salts 30 0 0 

Researches on the Constituents 


of Manures 

25 

0 

0 

Balance of Captive Balloon Ac- 





1 

13 

6 

Jei241 

-y- 

'o 

1861. 




Maintaining the Establisliment 




of Kew Observatory 

500 

0 

0 

Earthquake Experiments 

25 

0 

0 

Dredging North and East Coasts 




of Scotland 

23 

0 

0 

Dredging Committee : — 




1860 £50 0 0\ 




1861 ^222 0 0/ 

1 L 

u 

u 

Excavations at Dura Den 

20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam-vessel Performance 

150 

0 

0 

Fossils of Lesmahago 

15 

0 

0 

Explorations at Uriconium 

20 

0 

0 

Chemical Alloys 

20 

0 

0 

Classified Index to the Transac- 




lions 

100 

0 

0 

Dredging in the Mersey and Dee 

5 

0 

0 

Dip Circle 

30 

0 

0 

Photoheliographic Observations 

50 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

10 

0 

0 

Alpine Ascents 

6 

5 

1 

Constituents of Manures 

25 

0 

0 

XI 111 

5 

10 

1862. 



MM. 

Maintaining the Establishment 




of Kew Observatory 

500 

0 

0 

Patent Laws 

21 

6 

0 

Molhisca of N.-W. Ameiica 

10 

0 

0 

Natural History by Mcicantilc 




Marine 

5 

0 

0 

Tidal Observations 

2.5 

0 

0 

Photoheliomcter at Kew 

40 

0 

0 

Photographic Pictures of the Sun 

150 

0 

0 

Bocks of Donegal 

25 

0 

0 

Dredging Durham and North- 




umberland 

25 

0 

0 

Connexion of Storms 

20 

0 

0 

Dredging North-east Coast of 




Scotland 

6 

9 

6 

Ravages of Teredo 

3 

11 

0 

Standards of Electrical Resistance 

50 

0 

0 

Riihvav Accidents 

10 

0 

0 

Balloon Committee 

200 

0 

0 

Dredging Dublin Bay 

10 

0 

0 

Dredging the Mersey 

5 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

12 

10 

0 


1872, 


-£ s. d. 

Steamships* Performance 150 0 0 

Thermo-Electric Currents 5 0 0 

1863. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee deficiency... 70 0 0 
Balloon Ascents (other expenses) 25 0 0 

Entozoa 25 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 5 0 0 

Prison Diet 20 0 0 

Vertical Atmospheric Movements 13 0 0 

Dredging Shetland 50 0 0 

Dredging Nortli-east coast of 

Scotland 25 0 0 

Dredging Northumberland and 

Durham 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

“Steamship Performance 100 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Construction and distribu- 
tion 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 

Photoholiograph 100 0 0 

Thermo-Electricity 15 0 0 

Analysis of Rocks 8 0 0 

Ilydroida 10 0 0 

1 A G 08 ^3 Vo 

1861. 

Maintaining the Establishnicnt 

of Kew Observatory COO 0 0 

Coal Fossils 20 0 0 

Vertical Atmos})heric Move- 
ments 20 0 0 

j Dredging Shetland 75 0 0 

[ Dredging Nortliuinberland 25 0 0 

Balloon Committee 200 0 0 

Caihon under picssurc 10 0 0 

Standards of Electric Kcsistaucc 100 0 0 

Analysis of Rocks 10 0 0 

Ilydroida 10 0 0 

I Askham’s Gift 50 0 0 

Nitrile of Amylc 10 0 0 

Nomenclature Committee 5 0 0 

Rain-Gauges 10 15 8 

Cast-Iron Investigation 20 0 0 

Tidal Observations in the Humber 50 0 0 

Spectral Rays 45 0 0 

Luminous ]\Ietcors 20 0 0 

.•cTV8 0"T5 H 

1805. “ ““ 

Maintaining the Establishment 

of Kew Observatory GOO 0 0 

Balloon Committee 100 0 o 

Ilydroida 13 0 0 


e 



Ixvi 


report — 1872 , 


£ s. d. 

Uain-Gauges 30 0 0 

Tidal Observations ill the Humber 6 8 0 

Hexylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation 10 0 0 

Eurypterus 30 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches ... 150 0 0 

Kent’s IIoIq Excavations 100 0 0 

Moon’s Surface Observations ... 35 0 0 

Marine Fauna 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands 50 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies in 

Water 100 0 0 

Bath Waters Analysis 8 10 0 

Luminous Meteors 40 0 0 


£1591 7 10 


18CG. 

Maintaining the Establishment 

of Kew Observatory COO 0 0 

Lunar Committee 64 13 4 

Balloon Committee 50 0 0 

Metrical Committee 50 0 0 

British Rainfall 50 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf-Bed 15 0 0 

Luminous Meteors 50 0 0 

Lingula Flags Excavation 20 0 0 

Chemical Constitution of Cast 

Iron 50 0 0 

Amyl Compounds 25 0 0 ] 

Electrical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent’s Hole Exploration 200 0 0 

Marine Fauna, &c., Devon and 

Cornwall 25 0 0 

Dredging Aberdeenshire Coast... 25 0 0 

Dredging Hebrides Coast 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies in 

Water 50 0 0 

Polycyanides of Organic Radi- 
cals 20 0 0 

Rigor Mortis 10 0 0 

Irish Annelida 15 0 0 

Catalogue of Crania 50 0 0 

Didinc Birds of Mascarene Islands 50 0 0 

Typical Crania Researches 30 0 0 


Palestine Exploration Fund 100 0 0 

’ilrboTs”! 

1867. 

Maintaining the Establishment 


of Kew Observatory 600 0 0 

Meteorological Instruments, Pa- 
lestine 60 0 0 

Lunar Committee 120 0 0 


£ a. d- 

Metrical Committee 30 0 0 

Kent’s Hole Explorations 100 0 0 

Palestine Explorations 50 0 0 

Insect Fauna, Palestine 30 0 0 

Biitish Rainfall 50 0 0 

Kilkenny Coal Fields 25 0 0 

Alum Bay Fossil Leaf-Bed 25 0 0 

Luminous Meteors 50 0 0 

Bournemoiitli, &c. Leaf-Beds ... 30 0 0 

Dredging Shetland 75 0 0 

Steamship Reports Condensation 100 0 0 

Electrical Standards 100 0 0 

Ethyle and Methylc series 25 0 0 

Fossil Crustacea 25 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 75 0 0 

Do. Plant Beds ... 100 0 0 

Iron and Steel Manufacture ... 25 0 0 

Patent Laws 30 0 0 

£173^^ 4"" 0 

1868. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent’s Hole Explorations 150 0 0 

Steamship Performances 100 0 0 

British Rainfall 50 0 0 

Luminous Meteors 50 0 0 

Organic Acids CO 0 0 

Fossil Crustacea 25 0 0 

Methyl series 25 0 0 

Mercury and Bile 25 0 0 

Organic remains in Limestone 

Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall ... 30 0 0 

British Fossil Corals 50 0 0 

Bagshot Leaf-beds 50 0 0 

Greenland Explorations 100 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 50 0 0 

Spectroscopic investigations of 

Animal Substances 5 0 0 

Secondary Reptiles, &c 30 0 0 

British Marine Invertebrate 

Fauna 100 0 0 

£r940^~0~0 


1869. 

Maintaining the Establishment 

of Kew Observ.atory GOO 0 0 

Lunar Committee 50 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Gases in Deep- 

well Water 25 0 0 

British Rainfall 50 0 0 

Thermal Conductivity of Iron, 

&c 30 0 0 

Kent’s Hole Explorations 150 0 0 


Steamship Performances... ,».... 30 0 0 
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t 8. d. 

Chemical Constitution of Cast 


Iron 80 0 0 

Iron and Steel Manufacture ... 100 0 0 

Methyl Series 30 0 0 

Organic remains in Limestone 

Hocks 10 0 0 

Earthquakes in Scotland 10 0 0 

llritish Fossil Corals 50 0 0 

Bagshot Leaf-Beds 30 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature 30 0 0 

Spectroscopic Investigations of 

Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 

Cliemical Constitution and Fhy- 
siological Action Relations ... 15 0 0 

Mountain Limestone Fossils 25 0 0 

Utilization of Sewage 10 0 0 

Products of Digestion 10 0 0 


0 0 

1870. 

Maintaining the Establishment of 

Kew Observatory COO 0 0 

Metrical Comrnittce 25 0 0 

Zoological Record 100 0 0 

Committee on Marine Fauna ... 20 0 0 

Ears in Fishes 10 0 0 

Cliemical nature of Cast Iron... 80 0 0 

Luminous Meteors 30 0 0 

Heat in the Blood 15 0 0 

British Rainfall ICO 0 0 

Thermal Conductivity of Iron ^c. 20 0*0 

Britisli Fossil Corals 50 0 O ' 

Kent’s Hole Explorations 150 0 0 I 

Scottish Earthquakes 4 0 0 ! 

Bog^hnt Leaf-Beds 15 0 0 | 

Fossil Flora 25 0 O' 

Tidal Observations 100 0 0 

Underground Teinperatuic 50 0 0 

Kiltorcan Quarries Fossils 20 0 0 

Mountain Limestone Fossils ... 25 0 0 j 

LTilization of Sewage 50 0 0 j 

Organic Chemical Compounds... 30 0 0 j 

Onny River Sediment 3 0 0 

Mechanical Equivalent of Heat 50 0 0 

£1572 0 0 


1871. 

Maintainingthe Establishment of 


Kew Observatory 600 0 0 

Monthly Reports of Progress in 

Chemistry 100 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Thermal Equivalents of the 

Oxides of Chlorine 10 0 0 

Tidal Observations 100 0 0 

Fossil Flora 25 0 0 

Luminous Meteors 30 0 0 

British Fossil Corals 25 0 0 

Heat in the Blood 7 2 6 

British Rainfall 50 0 0 

Kent’s Hole Explorations 150 0 0 

Fossil Crustacea 25 0 0 

Methyl Compounds 25 0 0 

Lunar Objects 20 0 0 

Fossil Corals Sections, for PIio- 

tograpbing 20 0 0 

Bagshot Leaf-Beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants i... 40 0 0 

£\A72~2^ 
1872. - - 
Maintaining the Establishment of 

Kew ObserNatory 300 0 0 

Metrical Committee 75 0 0 

Zoological Kccind 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 Q 

Teralo-Embrvfdogical Inquiries 10 0 0 

Kent’s Cavern Exploration 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

Fossil Crustacea 25 0 0 

Fossil Elephants of Malta 25 0 0 

Lunar Objects 20 0 0 

Inverse M'ave-LengUis 20 0 0 

Britisli Rainfall 100 0 0 

Poisonous Substances Antago- 
nism 10 0 0 

Essential Oils, Cliemical Consti- 
tution, 40 0 0 

Mathematical Tables 50 0 0 

Thermal Conducts ity of Metals 25 0 0 


£1285 0 0 


e 


o 
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General Meetings, 

On Wednesilaj Evening, August 14, at 8 p.m., in the Dome, Professor Sir 
William ThoiAson, LL.D., E.E.S., President, resigned the office of President 
to Dr. W. B. Carpenter, LL.D., F.E.S., who took the Chair, and delivered an 
Address, for which sec page Ixix. 

On Thursday Evening, August 15, at 8 p.m., a Soiree took place in the 
Dome, Corn Exchange, and Museum. 

, On Friday Evening, August 16, at 8.30 p.m., in the Dome, Professor P. 
Martin Duncan, M.D., F.R.S., delivered a Discourse on Insect Metamor- 
phosis.’’ 

On Saturday Evening, at 8 p.m., in the Dome, William Spottiswoodc, LL.D., 
F.R.S., delivered a Discourse entitled Sunshine, Sea, and Sky,” to the 
Operative Classes of Brighton. 

On Monday Evening, August 19, at 8.30 p.m., in the Dome, Prof. W. K. 
Clifford delivered a Discourse on “ The Aims and Instruments of Scientific 
Thought.” 

. On Tuesday Evening, August 20, at 8 p.m., a Soiree took place in tlie 
Dome, Corn Exchange, and Museum. 

On Wednesday, August 21, at 2.30 p.m., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Grants 
bf Money for Scientific purposes, were explained to the Members. 

The Meeting was then adjourned to Bradford^, 

* The Meeting ie appointed to take place on Wednenday, September 17, 1873. 
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OF 

WILLIAM B. CAllPENTER, M.D., LL.D., P.E.S., 
TRESIDENT. 


Mr Lords, Ladies, and Gentlemen, 

TiiiRxr-six years have now elapsed since at the first and (I regret to say) 
the only Meeting of this Association held in Bristol,— -which Ancient City 
followed immediately upon our National Universities in giving it a welcome, 
— I enjoy’ed the privilege which 1 hold it one of the most valuable functions 
of these Annual assemblages to bestow ; that of coming into personal relation 
with those distinguished Men whose names arc to every cultivator of bcienco 
as “ household words,” and the light of whose brilliant example, and the 
warmth of whose cordial encouragement arc the most precious influences by 
which his own aspirations can l)c fostered and dire(*tcd. Under the Presi- 
dency of the Marciuis of I ansdowne, with Conybearc and Pricliard as Yice- 
Presid(*nis, Avith Yernon Ilarcourt as General Secretary, and John PliilJips 
as Assistant Secretary, Averc gathered togetlier YdicAvell and Peacock, James 
Eorbes and bir AY. lloAvan Hamilton, !Murchison and SedgAAnck, Buckland and 
])e la Becho, Ilonslow and Daubeny, Boget, Bichardson, and Edward Forbes, 
Avith many’ others, perhaps not less distinguished, of whom my’ OAA"n recollec- 
tion is less vivid. ^ ^ i i? 

In his honoured old age, bedgAA’ick still retains, in the Academic home of 
his life, all his pristine interest in whatever bears on the adA'ance of the 
bcicncc he has adorned as avcII as enriched ; and Phillips still cultivates 
Avith all his old enthusiasm the congenial soil to which he has been trans- 
planted. But the rest,— our fathers and elder brothers,— AYhcre are 
they ? ” It is for us of the present generation to show that they’^ li\’e in our 
li\’es ; to carry forward the work Avhich they commenced ; and to transmit 
the influence of their example to our own successors. 

There is one of these great men, whoso departure from among us since last 
we met claims a special notice, and AA^hosc life — full as it was of y’cars and 
honours — avo should have all desired to sec prolonged for a fcAA’ months, could 
its feebleness have been unattended Avdth suffering. ^ For avc should all then 
liavc sympathized Avith Murchison, in the delight AAuth which he Avould have 
received the intelligence of the safety of the friend in Avhoso scientific labours 
and personal Avelfare he felt to the last the keenest interest. I hat this in- 
telligence, which our own Expedition for the relief of Livingstone AVOuld have 
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obtained (we will hope) a few months later, should have been brought 
to us through the generosity of one, and the enterprising ability — may I not 
use our peculiarly English word, the ‘‘ pluck ” — of another of our American 
brethren, cannot but be a matter of national regret to us. But lot us bury 
that regret in the common joy which both Nations feel in the result ; and 
while we give a cordial welcome to Mr. Stanley, let us glory in the prospect 
now opening, that England and America will co-operate in that noble object 
which — far more than the discovery of the Sources of the Nile — our great 
Traveller has set before himself as his true mission, the Extinction of the 
Slave Trade. 

At the last Meeting of this Association, I had the pleasure of being able 
to announce, that I had received from the Eirst Lord of the Admiralty a 
favourable reply to a representation I had ventured to make to liim, as to the 
importance of prosecuting on a more extended scale the course of incpiiry 
into the Physical and Biological conditions of the Deep Sea, on which, with 
my colleagues Prof. AVyville Thomson and Mr. J. Gwyn Jeffreys, I had been 
engaged for the three preceding years. That for which I had asked was a 
Circumnavigating Expedition of at least three years’ duration, provided with 
an adequate Scientiffc Staff, and with the most complete E(jiii])ment that our 
experience could devise. The Council of the Pvoyal Society having been 
led by tho encouraging tenor of the answer 1 had received, to" make 
a formal Application to this effect, tho liberal arrangements of tho Go- 
vernment have been carried out under the advice of a Scientific Com- 
mittee which included Kepresentatives of this Association. II. M. ship 
^ Challenger,^ a vessel in every way suitable for tho purpose, is now being 
fitted out at Sheerness ; tho Command of tho Expedition is intrusted to 
Captain Nares, an Officer of whose high qualifications I have myself tho 
fullest assurance; while the Scientific charge of it will be taken by my 
excellent friend Prof. Wyvillo Thomson, at whose suggestion it was that 
these investigations were originally commenced, and whoso zeal for the 
efficient prosecution of them is shown by his relinquishment for a time of tho 
important Academic position he at present fills. It is anticipated that the 
Expedition will sail in November next ; and I feel sure that the good wishes 
of all of you will go along with it. 

The confident anticipation expressed by my predecessor, that for the utili- 
zation of tho total Eclipse of the Sun then impending, our Government would 

exercise the same wise liberality as heretofore in the interests of Science,” 
has been amply fulfilled. An Eclipse-Expedition to India was organized at 
tho charge of tho Home Government, and placed under the direction of Mr. 
Lockyer ; the Indian Government contributed its quota to the work ; and a 
most valuable body of results was obtained, of which, with those of the pre- 
vious year, a Eeport is now being prepared under the direction of the Council 
of the Astronomical Society. 

It has been customary with successive occupants of this Chair, distin- 
guished as Leaders in their several divisions of the noble Army of Science, to 
open the proceedings of the Meetings over which they respectively presided 
with a Discourse on some aspect of Nature in her Ilelation to Man. But 
I ani not aware that any one of them has taken up the other side of the 
inquiry, — that which concerns Man as the ‘^Interpreter of Nature;” 
and I have therefore thought it not inappropriate to lead you to the cou- 
pideration of the Mental processes, by which are formed those fundamental 
conceptions of Matter and Force, of Cause and Effect, of Law and Order, 
which furnish the basis of all scientific reasoning, and constitute the Phil 
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hsoplUa primd of Bacon. There is a groat deal of what I cannot but 
regard as fallacious and misleading Philosophy — ‘^oppositions of Science falsely 
so called — abroad in the world at the present time. And I hope to satisfy 
you, that those who set up their own conceptions of the Orderly Sequence 
which they discern in the Phonomona of Nature, as fixed and determinate 
Lemsy by which those phenomena not only are within all Human expe- 
rience, but always have heeriy and always must he, invariably governed, are 
really guilty of tho Intellectual arrogance they condemn in the Systems of 
the Ancients, and place themselves in diametrical antagonism to those real 
Philosophers, by whoso comprehensive grasp and penetrating insight that 
Order has been so far disclosed. For what love of the Truth as it is in 
Nature was ever more conspicuous, than that which Kepler displayed, in his 
abandonment of each of the ingenious conceptions of the Planetary System 
which his fertile Imagination had successively devised, so soon as it proved 
to be inconsistent with the facts disclosed by observation ? In that almost 
admiring description of tho way in which his enemy Mars, “ whom ho had 
left at homo a despised Captive,’^ bad “ burst all the chains of the equations, 
and broke forth from tho prisons of the tables,’^ who does not recognize tho 
justice of Bchillor’s definition of the real Philosopher, as one who always 
loves Truth better than his System ? And when at last he had gained the 
full assurance of a success so complete that (as ho says) he thought he must 
be dreaming, or that ho had been reasoning in a circle, who does not feel the 
almost sublimity of the self-abnegation, with which, after attaining what 
was in his own estimation such a glorious reward of his life of toil, dis- 
appointment, and self-sacrifice, ho abstains from claiming tho applause of 
his contemporaries, but leaves his fame to after ages in these noble words ; 
“ Tho book is written ; to be read either now or by posterity, I care not 

which. It may well wait a century for a reader, as God has waited six 
“ thousand years for an observer.’’ 

And when a yet greater than Kepler was bringing to its final issue 
that grandest of all Scientific Conceptions, long pondered over by his 
almost superhuman intellect, — which linked together tho Heavens and tho 
Earth, tho Planets and the JSiin, the Primaries and their Satellites, and 
included even the vagrant Comets, in tho nexus of a Universal Attraction — 
establishing for all time the triitli for whose utterance Galileo had been con- 
demned, and giving to Kepler’s Laws a significance of which their author had 
iiCYor dreamed, — what was the meaning of that agitation which prevented the 
Philosopher from completing his computation, and compelled him to hand it 
over to his friend ? Tliat it was not tho thought of his own greatness, but 
tho glimpse of tho grand Universal Order thus revealed to his mental 
vision, which shook tho serene and massive soul of Newton to its founda- 
tions, we have the proof in that beautiful comparison in which he likened 
himself to a Child picking up shells on the shore of tho vast Ocean of Truth ; 
— a comparison which will bo evidence to all time at once of his true Phi- 
losophy and of his profound Humility. 

Though it is with the Intellectual llcpreseiitation of Nature which wo call 
Science, that wo are primarily concerned, it will not bo without its use to cast 
a glance in the first instance at the other two principal characters under 
which Man acts as her Interpreter, — those, namely, of the Artist and of tho 
Poet. 

The Artist servos as tho Interpreter of Nature, not when ho works as the 
more copyist, delineating that which lie sees with his bodily eyes, and which 
wo could see as well for ourselves ; but when ho endeavours to awaken within 
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us the perception of those beauties and harmonies which his own trained 
sense has recognized, and thus impart to us the pleasure he has himself derived 
from their contemplation. As no two Artists agree in the original constitu- 
tion and acquired habits of their Minds, all look at Nature with different 
(mental) eyes ; so that to each, Nature is what he individually sees in her. 

The Poet, again, serves as the Interpreter of Nature, not so much when 
by skilful word-painting (whether in prose or verse) he calls up before our 
mental vision the i)icturo of some actual or ideal scene, however beautiful ; 
as when, by rendering into appropriate forms those deeper impressions made 
by the Nature around him on the !Moral and Emotional part of his own 
Nature, ho transfers these impressions to the corresponding part of ours. 
Eor it is the attribute of the true Poet to penetrate the secret of those mys- 
terious influences Avhich wc all unknowingly experience; and having dis- 
covered this to himself, to bring others, by the power he thus wields, 
into the like sympathetic relation wuth Nature, — evoking with skilful touch 
the varied response of the Soul’s finest chords, heightening its joys, assuaging 
its griefs, and elevating its aspirations. Whilst, then, the Artist aims to 
picture what he sees in Nature, it is the object of the Poet to represent what 
he feels in Nature; and to each true Poet, Nature is what he individually 
finds in her. 

The Philosopher’s interpretation of Nature seems less individual than that of 
the Artist or the Poet, because it is based on facts which anyone may verify, 
and is elaborated by reasoning processes of which all admit the validity. 
He looks at the Universe as a vast Book lying open before him, of which ho 
has in the first place to learn the characters, then to master the language, 
and finally to ai)prehend the ideas which that language conveys. In that 
Book there are many Chapters, treating of different subjects ; and as Life is 
too short for any one man to grasp the whole, the Scientific interpretation of 
this Book comes to bo the work of many Intellects, differing not merely in 
the range but also in the character of their powers. But whilst there are 
“ diversities of gifts,” there is the same spirit .” While each takes his 
special direction, the general Method of study is the same for all. And it is 
a testimony alike to the truth of that Method and to the Unity of Nature, that 
there is an ever-increasing tendency towards agreement among those who use 
it aright ; — temporary differences of interpretation being removed, sometimes 
by a more complete mastery of her language, sometimes by a better appre- 
hension of her ideas ; — and lines of pursuit which had seemed entirely distinct 
or even widely divergent, being found to lead at last to one common goal. 
And it is this agreement vdiich gives rise to the general belief — in many, to 
the confident assurance — that the Scientific interpretation of Nature represents 
her not merely as she seems, but as she really is. 

But when we carefully examine the foundation of that assurance, wo 
find reason to distrust its security ; for it can be shown to bo no less 
tme of the Scientific conception of Nature, than it is of the Artistic or the 
Poetic, that it is a representation framed hy the Mind itself out of the 
materials supplied by the impressions which external objects make upon tho 
Senses ; so that to each Man of Science, Nature is what he individually believes 
her to be. And that belief will rest on very different bases, and will have 
very unequal values, in different departments of Science. — Thus in what are 
commonly known as the ‘‘ exact” Sciences, of which Astronomy may be taken 
as the type, the data afforded by precise methods of observation can be made 
the basis of reasoning, in every step of which the Mathematician feels the 
fullest assurance of certainty ; and the final deduction is justified cither by 
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its conformity to known or ascertainable facts, — as when Kepler determined 
the elliptic orbit of Mars; or by the fulfilment of the predictions it has 
sanctioned, — as in the occurrence of an Eclipse or an Occultation at the 
precise moment specified many years previously ; or, still more emphatically, 
by the actual discovery of phenomena till then unrecognized, — as when the 
Perturbations of the planets, shown by IS^cwton to be the necessary results of 
their mutual attraction, were proved by observation to have a real existence ; 
or as when the unknown disturber of Uranus was found in the place assigned 
to him by the computations of Adams and Le Verrier. 

We are accustomed, and I think most rightly, to speak of these achieve- 
ments as triumplis of the Human Intellect. Put the very phrase implies that 
the work is done by Mental Agency. And even in the very first stage of the 
process — the interior etaiion of observations — there is often a liability to serious 
error. Of this we have a most noteworthy example in the fact that the esti- 
mated distance of the Earth from the Sun, deduced from observations of the 
last Transit of Venus, is now pretty certainly known to bo about three 
millions of miles too great ; the strong indications of such an excess afforded 
by the nearly coincident results of other modes of inquiry having led to a 
reexamination of the record, which was found, when fairly interpreted, 
fully to jnstifu — if not even to require — the reduction. Even the veri- 
fication of the prediction is far from proving the Intellectual process by 
which it was made to have been correct. Eor we learn from the honest 
confessions of Kepler, that he was led to the discovery of the Elliptic orbit of 
]Mars by a scries of happy accidents, which turned his erroneous guesses into 
the right direction ; aiul to that of the passage of the lladius Vector over equal 
areas in equal Z/nic.?, by the notion of a whirling force emanating from the Sun, 
wliich we now regard as an entirely wrong conception of the cause of orbital 
revolution It should always be remembered, moreover, that the Ptolemaic 
system of Astronomy, with all its cumbrous ideal mechanism of “ Centric and 
Excentiic, Cycle and Epicycle, Orb in Orb,” did intellectually represent all that 
the Astronomer, prior to the invention of the Telescope, could see from his actual 
standpoint, the Earth, with an accuracy which was proved by the fulfilment 
of his predictions. And in that last and most memorable anticipation which 
has given an imperishable fame to our two illustrious contemporaries, the 
inadequacy of the basis afforded by actual observation of the perturbations 
of E'ranus, re(|uircd that it should be supplemented by an assumption of the 
probable distance of the disturbing Planet beyond, which has been shown by 
subsecpient oljscrvalion to have been only an ajjproxiraation to the truth. 

Even in this most exact of Sciences, therefore, we cannot proceed a step, 
without translating the actual Phenomena of Nature into Intellectual Ileprc- 
scntalions of those phenomena; and it Is because the Newtonian conception 
is not only the most simple, but is also, up to the extent of our present 
knowledge, universal in its conformity to the facts of obseiwation, that we 
accept it as the only Scheme of the Universe yet promulgated, which satisfies 
our intellectual requirements. 

When, under the reign of the Ptolemaic System, any new inequality was 
discovered in the motion of a Planet, a new wheel had to be added to the 
ideal Mechanism, — as Ptolemy said, to save appearances.” If it should 
prove, a century hence, that the motion of Neptune himself is disturbed 
by some other attraction than that exerted by the interior Planets, wo 
should confidently expect that not an ideal but a real cause for that dis- 
turbance will be found in the existence of another Planet beyond. But 
So© Drinkwatcr’s ‘ Life of Kepler,* in tho Library of Uscfid Knowledge, pp. 2G-35. 
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I trust that 1 have now made it evident to you, that this confident expectation 
is not justified by any absolute necessity of iN’ature, but arises entirely out 
of our hellef in her Uniformity; and into tho grounds of this and other 
Primary Beliefs, which serve as tho foundation of all Scientific reasoning, wo 
shall presently inquire. 

There is another class of cases, in which an equal certainty is generally 
claimed for conclusions that seem to flow immediately from observed facts, 
though really evolved by Intellectual processes ; tho apparent simplicity and 
directness of those processes either causing them to be entirely overlooked, 
or veiling tho assumptions on which they are based. — Thus Mr. Lockycr 
speaks as confidently of the Sun’s Chromosphere of incandescent Hydro- 
gen, and of the local outbursts which cause it to send forth projections tens 
of thousands of miles high, as if ho had been able to capture a flask of this 
gas, and had generated water by causing it to unite with oxygen. Yet this 
confidence is entirely based on the assumption, that a certain line which is seen 
in the Spectrum of a hydrogen flame, means hydrogen also when seen in the 
spectrum of the Sun’s chromosphere; and high as is the probability ol* that 
assumption, it cannot be regarded as a demonstrated certainty, since it is by 
no means inconceivable that the same line 'tniylit bo produced by so)iie other 
substance at present unknown. — And so when Dr. Huggins deduces from 
the different relative positions of certain lines in the spectra of different Stars, 
that these Stars are moving from or towards us in space, his admirable train of 
reasoning is based on the assumption that these lines have the same meaniwj 
— that is, that they represent the sarne elements — in every luminary. That 
assumption, like tho preceding, may bo regarded as possessing a sufficiently 
high probability to justify the reasoning based upon it ; more especially 
since, by the other researches of that excellent observer, the same Chemical 
elements have been detected as vapours in those filmy cloudlets which seem 
to be stars in an early stage of consolidation. But when Franldand and 
Lockycr, seeing in the spectrum of tho yellow Solar prominences a certain 
bright line not identifiable with that of any known Terrestrial flame, alfri- 
bute this to a hypothetical new substance which they propose to call Helium, 
it is obvious that their assumption rests on a far less secure foundation ; 
until it shall have received that verification, which, in the case of 3^1 r. 
Crookes’s researches on Thallium, was afforded by the actual discovery of the 
new metal, whoso presence had been indicated to him by a line in tlie 
Spectrum not attributable to any substance then known. 

In a largo number of other cases, moreover, our Scientific interpretations 
are clearly matters of juchfment ; and this is eminently a personal act^ the 
value of its results depending in each case upon tho (pialifications of the 
individual for arriving at a correct decision. The surest of such judgments 
are those dictated by what we term “ Common Sense,” as to matters on 
which there seems no room for difference of opinion, because every sane 
person comes to the same conclusion, although he may bo able to give no 
other reason for it than that it appears to him ‘‘ self-evident.” Thus while 
Philosophers have raised a thick cloud of dust in tho discussion of the basis 
of our belief in tho existence of a World external to ourselves, — of the Yon 
Ego, as distinct from the Ego, — and while every Logician claims to h.ave 
found some flaw in the proof advanced by every other, — tho Common Sense of 
Mankind has arrived at a decision that is practically worth aU the arguments 
of all the Philosophers who have fought again and again over this battle- 
ground. And I think it can be shown that the trustworthiness of this 
Common Sense decision 4rises from its dependence, not on any one set of 
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Experiences, but upon owr unconsdom co^ordincitlon of the whole aggregate 
of our Experiences ^ — not on the conolusiveness of any one train of Eeasoning, 
but on the coyivergence of all our lines of thought towards this one centre. 

Kow this “ Common Sense,” disciplined and enlarged by appropriate culture, 
becomes one of our most valuable instruments of Scientific inquiry ; aifording 
in many instances the best, and sometimes the only, basis for a rational con- 
clusion. Let us take as a typical case, in which no special knowledge is 
ro(piirod, what we are accustomed to call the “ flint implements ” of the 
Abbeville and Amiens gravel-beds, 1^*0 logical proof can be adduced that 
the peculiar shapes of these flints were given to them by Human hands ; but 
docs any unprejudiced person now doubt it? The evidence of design y to 
which, after an examination of one or two such specimens, wo should only 
be justified in attaching a probable value, derives an irresistible cogency 
from accumulation. On the other hand, the i/nprobability that these flints 
acquired their peculiar shape by accident y becomes to our minds greater 
and greater as more and more such specimens arc found ; until at last this 
hypothesis, although it cannot bo directly disproved, is felt to be almost in- 
conceivable, except by minds previously “ possessed ” by the “ dominant idea ’’ 
of the modern origin of Man, And thus what was in the first instance a 
matter of discussion, has now become one of those “ self-evident ” propositions, 
which claim tlio unhesitating assent of all whoso opinion on the subject is 
entitled to the least weight. 

Wo proceed upwards, however, from such questions as the Common Sense 
of ^Mankind generally is competent to decide, to those in which special know- 
ledge is required to give value to the judgment ; and thus the interpretation 
of Nature by the use of that faculty comes to bo more and more individual ; 
things being perfectly “ self-evident ” to men of special culture, which ordi- 
nary men, or men whoso training has lain in a difterent direction, do not 
apprehend as sucli. Of all departments of Beience, Geology seems to mo to 
bo the one that most depends on this specially-trained Common Sense 
which brings as it were into one focus the light afibrded by a great 
variety of studies, — Physical and Chemical, Cicographical and Biological; 
and throws it on the pages of that Great Stone Book, on which the past 
liistory of our Globe is recorded. And whilst Astronomy is of all Sciences 
that which may bo considered as most nearly representing Xaturo as she 
really is. Geology is that which most completely represents her as seen 
through the medium of tlio interpreting mind ; the meaning of the phenomena 
that constitute its data being in almost every instance open to question, 
and the judgments passed upon tlie same facts being often diflerent according 
to the qualifications of the several judges. No one who has oven a general 
acquaintance with the history of this department of Bcience, can fail to see 
that the Geology of each epoch has been the reflection of the Minds by which 
its study was tlien directed ; and that its true progress dates from the time 
when that “ Common Sense ” method of interpretation came to be general I g 
adopted, which consists in seeking the explanation of past changes in the 
h'orccs at present in operation, instead of invoking the aid of extraordinary 
and mystc'rious agencies, as tlio older Geologists were wont to do, whenever 
tliey wanted — like the Ptolemaic Astronomers — “ to save appearances.” The 
whole tendency of the ever-widening range of modern Geological inquiry 
has been to show how little reliance can be placed upon the so-called 
“ Laws ” of Stratigraphical and Palaeontological Buccession, and how much 
allowance has to be made for local conditions. Bo that while the Astro- 
nomer is constantly enabled to point to the fulfilment of his predictions as an 
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evidence of the correctness of his method, the Geologist is almost entirely 
destitute of any such means of verification. For the value of any prediction 
that he may hazard — as in regard to the existence or non-existence of Coal 
ill any given area, — depends not only upon the truth of the general doctrines 
of Geology in regard to the succession of Stratified Deposits, but still more 
upon the detailed knowledge which he may have acquired of the distribution 
of those Deposits in the particular locality. Hence no reasonably-judging 
man would discredit cither the general doctrines or the methods of Geology, 
because the prediction proves untrue in such a case as that now about to 
bo brought in this neighbourhood to the trial of experience. 

We have thus considered Man’s function as the Scientific Interpreter of 
Nature in two departments of Natural Knowledge ; one of which affords an 
example of the strictest, and the other of the freest method, which Man can 
employ in constructing his Intellectual representation of the Universe. And as 
it would be found that in the study of all other departments the same methods 
are used, either separately or in combination, 'wc may pass at once to an- 
other part of our inijuiry. 

The whole fabric of Geometry rests upon certain Axioms which every one 
accepts as true, but of which it is necessary that the truth should be assumed^ 
because they are incapable of demonstration. So, too, the deliverances of our 

Common Sense derive their trustworthiness from what w'o consider the 

self-evidence ” of the propositions aflirmed. There are, then, certain 
Primary Beliefs, which constitute the groundw’ork of all Scientific reasoning ; 
and we have next to inquire into their origin. 

This inquiry brings us face to face with one of the great Philoso])hical 
problems of our day, wduch has been discussed by Logicians and Meta- 
physicians of the very highest ability as Leaders of opposing Hchools, with 
the one result of showing how much can be said on cacli side. By tlie 
Intuitional ists it is asserted that the tendency to form these Primary Beliefs 
is inborn in Man, an original part of his mental organization ; so that they 
grow up spontaneously in his Mind as its faculties are gradually unfolded 
and developed, requiring no other Experience for their genesis, than that 
which sufiices to call these faculties into exercise. But l)y the advocates of 
the doctrine which regards Experience as the basis of all our knowdedge, 
it is maintained that the Primary Beliefs of each individual are nothing else 
than generalizations which ho forms of such experiences as he has eitlicr 
himself acquired or has consciously learned from others ; and they deny 
that there is any original or intuitive tendency to the formation of such 
beliefs, beyond that which consists in the powx'r of retaining and generalizing 
experiences. 

I have not introduced this subject with any idea of idacing before you 
even a summary of the ingenious arguments by whicli these opposing 
doctrines have been respectively supported ; nor sliould I have touched on 
the question at all, if I did not believe that a means of reconcilement between 
them can bo found in the idea, that the Intellectual Intuitions of any one 
Generation are the embodied Experiences of the previo\is Eace. For, as it 
appears to me, there has been a progressive improvement in the Thinliny 
Power of Man ; every product of the culture which has preceded serving to 
prepare the soil for yet more abundant harvests in the future. 

Now, as there can be no doubt of the Hereditary transmission in Man of 
acquired constitutional peculiarities, w'hicli manifest themselves alike in 
tendencies to Bodily and to Mental disease, so it seems equally certain that 
accpiircd mental habitudes often impress themselves on his organization, with 
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sufficient force and permanence to occasion their transmission to the offspring 
as tendencies to similar modes of thought. And thus, while all admit that 
Knowledcfe cannot thus descend from one generation to another, an increased 
aptitude for the acquirement, either of knowledge generally, or of some par- 
ticular kind of it, may bo thus inherited. Those tendencies and aptitudes 
will acquire additional strength, expansion, and permanence, in each new 
generation, from their habitual exercise upon the materials supplied by a con- 
tinually enlarged experience ; and thus the acquired habitudes produced by 
the Intellectual culture of ages, will become a second nature to every one 
who inherits them 

We have an illustration of this progress in the fact of continual occurrence, 
that conceptions which prove inadmissible to the minds of one generation, in 
consequence citlicr of their want of intellectual power to apprehend them, or 
of their preoccupation by older habits of thought, subsequently find a uni- 
versal acceptance, and even come to be approved as ‘‘ self-evident.’^ Thus the 
First Law of Motion, divined by the genius of Xcwtoii, though opposed by 
many Philosophers of his time as contrary to all experience, is now accepted 
by common consent, not merely as a legitimate inference from Experiment, 
but as the expression of a necessary and universal truth; and the same 
Axiomatic value is extended to the still more general doctrine, that Energy 
of any kind, whether manifested in the “ molar ’’ motion of masses, or con- 
sisting in the “molecular’’ motion of atoms, must continue under some 
form or other without abatement or decay ; what all admit in regard to 
tlie indestructibility of Matter, being accepted as no less time of Force, namely, 
that as ex nihilo nil fit, so nil fit ad nihiluiu'^, 

Put, it may bo urged, the very conception of these and similar great truths 
is in itself a typical example of Intuition. The men who divined and enun- 
ciated them stand out above their fellows, as possessed of a Genius which 
could not only combine but create, of an Insight which could clearly discern 
what Ileason could but dimly shadow forth. Granting this freely, I think 
it may be sliowii that the Intuitions of individual Genius are but specially 
exalted forms of endowincnts which are the general property of the liace at 
the time, and wliieh have come to be so in virtue of its whole previous culture. — 
Who, for example, could refuse to the marvellous aptitude for perceiving the 
relations of Xumhers, which displayed itself in the untutored boyhood of 
George Bidder and /eruh Colburn, the title of an Intuitive gift? But who, 
on the other hand, can believe that a Bidder or a Colburn could suddenly 

* This doctrine was first explicitly put forth by Mr. Herbert 8penccr; in wlioso 
Philosophical Treatises it will be found most ably devclopetl. 1 nni glad to bo able to 
append the following extract from a letter which Mr. John JMill, the great Master of tlio 
Experiential Sehool, was good enough to write to me a few months sime, with reference 
to the attempt I had made to place “Common Sense” upon this basis (Contemporary 
Beview, Feb. 1872): — “ When states of mind in no respect innate or instinctive have been 

frequently repeated, the mind acquires, as is proved by the jK>wer of Habit, a greatly 
“ increased facility of passing into those states; and this increased facility must bo owing 

to some change of a physical ebaraeter in the organic action of the Brain. Tliero is also 
“ considerable evidence that such acquired facilities of passing into certain modes of 
“ cerebral action can in many eases be transmitted, more or less completely, by inheritance. 
“ The limits of this power of transmission, and the conditions on which it depends, are a 
“ subject now fairly before the scientific world ; and we shall doubtless in time know much 
“ more about them than we do now. But so far as my imperfect knowledge of the subject 
“ qualifies me to have an opinion, I take much the same view of it that you do, at least 

in principle.” 

t Tins is the form in which the doctrine now known as that of the “ Conservation of 
Energy ’’ was enunciated by Hr. Mayer, in the very remarkable Essay published by him in 
1845, entitled “ Hie organiseho Bowegung iu iUrem Zusammenhango mit dem Sioffwechsol.’’ 
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arise in a race of Savages who cannot count beyond five ? Or, again, in the 
history of the very earliest years of Mozart, who can fail to recognize the 
dawn of that glorious Genius, whose brilliant but brief career left its im- 
perishable impress on the Art it enriched ? But who would bo bold enough 
to affirm that an infant Mozart could bo born amongst a tribe, whoso only 
musical instrument is a tom-tom, whose only song is a monotonous chant ? 

Again, by tracing the gradual (jenesis of some of those Ideas which we now 
accept as “ self-evident/^ — such, for example, as that of the Uniformity of 
Nature’^ — wc are able to recognize them as the expressions of certain Intel- 
lectual tendencies, which have progressively augmented in force in successive 
generations, and now manifest themselves as acquired Mental Instincts that 
penetrate and direct our ordinary course of Thought. Such Instincts constitute 
a precious heritage, which has been transmitted to us with ever-increasing 
value through the long succession of preceding generations ; and which it is 
for us to transmit to those who shall come after us, with all that further in- 
crease which our higher Culture and wider range of Knowledge can impart. 

And now, having studied the working action of the Human Intellect in 
the Scientific Interpretation of Nature, we shall examine the general character 
of its products ; and the first of these with which we shall deal is our con- 
ception of Matter and of its relation to Force, 

The Psychologist of the present day views Matter entirely through the 
light of his own Consciousness : his idea of Matter in the abstract being that 
it is a ‘‘something’’ which has a permanent power of exciting Sensations ; 
his idea of any “ property ” of Matter being the mental representation of 
some kind of sensory impression he has received from it ; and his idea 
of any particular kind of Matter being the representation of the whole 
aggregate of the Sense-perceptions which its presence has called up in his 
Mind, Thus when I press my hand against this table, I recognize its 
iinyieldingness through the conjoint medium of my sense of Touch, my 
Muscular sense, and ray Mental sense of Effort, to which it will be convenient 
to give the general designation of the Tactile Sense ; and I attribute to that 
table a hardness which resists the effort I make to 'press my hand into its 
substance, whilst I also recognize the fact that the force I have employed is 
not sufficient to move its mass. But I press my hand against a lump of 
dough ; and finding that its substance yields under my pressure, I call it 
soft. Or again, I press my hand against this desk ; and I find that although 
I do not thereby change its /orm, I change its jp?ace ; and so I get the Tactile 
idea of Motion. Again, by the im2)ressioiis received through the same 
SensQrial a];)paratus, when I lift this book in my hand, I am led to attach to 
it the notion of weight or ponderosity ; and by lifting different solids of about 
the same size, I am enabled, by the different degrees of exertion I find 
myself obliged to make in order to sustain them, to distinguisli some of them 
ns lights and others as heavy. Through the medium of another set of Sense- 
perceptions which some regard as belonging to a different category, we dis- 
tinguish between bodies that feel “ hot ” and those that feel “ cold ; ” and in 
this manner we arrive at the notion of differences of Temperature. And 
it is through the medium of our Tactile Sense, without any aid from Vision, 
that we first gain the idea of solid form^ or the Three Dimensions of Bpaco. 

Again, by the extension of our Tactile experiences, we acquire the notion 
of liquids, as forms of matter yielding readily to pressure, but possessing a 
sensible weight which may equal that of solids : and of air, whoso resisting 
power is much slighter, and whose weight is so small that it can only bo 
made sensible by artificial means. Thus, then, we arrive at the notions of 
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remtcmce and of weight as properties common to all forms of Matter ; and 
now that wo have got rid of that idea of Light and Heat, Electricity and 
Magnetism, as “ imponderable fluids,” which used to vex our souls in our 
Hcicntiflc Childhood, and of which the popular term “ Electric fluid ” is a 
survival,” we accept these properties as aflbrding the practical distinction 
between the “material” and the “immaterial.” 

Turning, now, to that other great portal of Sensation, the Sight, through 
which we receive most of the messages sent to us from the Universe around, 
we recognize the same truth. Thus it is agreed alike by Physicists and 
Physiologists, that Colour does not exist a.<f mch in the object itself ; which 
has merely the power of reflecting or transmitting a certain number of 
millions of undulations in a second; and these only produce that aflectioii 
of our consciousness which we call Colour, when they fall upon the retina of 
the living Percipient. And if there be that defect either in the retina or in 
the apparatus behind it, which we call “colour-blindness” or Daltonism, 
some particular hues cannot be distinguished, or there may even be no power 
of distinguishing any colour whatever. If we were all like Dalton, we should 
sec no ditfercncc, except in form, between ripe cherries hanging on a tree, 
and the green leaves around them : if we were all affected with the severest 
form of colour-blindness, the fair face of Nature would be seen by us as in 
the chiaroscuro of an Engraving of one of Turner’s Landscapes, not as in the 
glowing hues of the wondrous Picture itself. And in regard to our Visual 
conceptions it may be stated with perfect certainty, as the result of very 
numerous observations made upon persons who have acquired sight for the 
flrst time, that these do uot serve for the recognition even of those objects 
with which the individual had become most familiar through the Touch, 
until the two sets of Sense -perccx)tions have been co-ordinated by experience*. 

When once this co-ordination lias been effected, however, the composite 
perception of Form which we derive from the Visual sense alone is so 
complete, that we seldom require to fall back upon the Touch for any further 
information respecting that quality of the object. — So, again, while it is 
from the co-ordination of the two dissimilar pictures formed by any solid 
or projecting object upon our two retinoe, that (as Sir Charles Wheat- 
stone’s admimblc investigations have shown) we ordinarily derive through 
the Sight alone a correct notion of its solid form, there is adequate evidence 
that this notion, also, is a mental judgment based on the experience wo have 
acquired in early infancy by the consentaneous exercise of the Visual and 
T.'ictile senses. 

Take, again, the case of those wonderful instruments by which our Visual 
range is extended almost into the infinity of Space, or into the infinity of 
Minuteness. It is the mental not the bodily eye, that takes cognizance of 
what the Telescope and the Microscope reveal to us. For we sWild have 
no well-grounded confidence in their revelations as to the unhnowny if we 
had not first acquired experience in distinguishing the true from the false 
by applpng them to hxown objects ; and every interpretation of what we see 
through their instrumentality is a mental judgment as to the probable form, 

* Thus, in a reccnilv recorded case in which sight was imparted by operation to a younc 
woman wlio had been blind from birfh, but who had ncvertlioless learned to work well 
with her needle, wlien the pair of scissors she had been accustomed to use was placed 
before her, tliougli she described tlieir shape, colour, and glistening metallic character, she 
Was utterly unable to recognize them as scissors until she put her finger on them, when 
slie at once named them, laughing at her own stupidity (as she called it) in not having 
made them out before. 
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size, and’ movement of bodies removed by cither their distance or their mi- 
nuteness from being cognosced by our Tactile Sense. 

The case is still stronger in regard to that last addition to our Scientific 
armamentum, which promises to be not inferior in value either to the Telescope 
or the Microscope ; for it may bo truly said of the Spectroscope, that it has 
not merely extended the range of our Vision, but has almost given us a new 
sense, by enabling us to recognize distinctive properties in the Chemical 
Elements which were previously quite unknown. And who shall now say 
that wo know all that is to be known as to any form of Matter ; or that the 
Science of the fourth quarter of this century may not furnish us witli as 
great an enlargement of our knowledge of its Properties, and of our power of 
recognizing them, as that of its third has done ? 

But, it may be said, is not this view of the Material Universe open to the 
imputation that it is “ evolved out of the dex)ths of our own consciousness” — a 
projection of our own Intellect into what surrounds us — an idecd rather than 
a real World ? If all wo know of Matter be an ‘‘ Intellectual Conception,” how 
are we to distinguish this from such as we form in our Dreams ? — for these, 
as our Laureate no less happily than philosophically expresses it, arc true 
while they last.” Here our “Common Sense” comes to the rescue. 

“ awake, and behold it was a dream.” Every healthy mind is conscious of the 
ditference between its waking and its dreaming experiences ; or, if it is now 
and then puzzled to answer the question “ Did this really happen, or did I 
dream it?” the perplexity arises from the consciousness that it mhjht have 
happened. And every healthy mind, finding its own experiences of its waking 
state not only self-consistent, but consistent with the experiences of others, 
accepts them as the basis of its beliefs, in preference to even the most vivid 
recollections of its dreams. 

The Lunatic Pauper who regards himself as a King, the Asylum in which ho 
is confined as a Palace of regal splendour, and his Keepers as obsequious at- 
tendants, is so “ possessed ” by the conception framed by his disordered in- 
tellect, that he does project it out of himself into his surroundings ; his refiisfil 
to admit the corrective teaching of Common Sense being the very essence of his 
malady. And there are not a few persons abroad in the world, who equally 
resist the teachings of Educated Common Sense, whenever they run counter to 
their own preconceptions; and who may be regarded as— in so far — affected 
with what I once heard Mr. Carlyle pithily characlcrizo as a “diluted In- 
sanity.” 

It has been asserted, over and over again, of late years, by a class of men 
who claim to bo the only true Interpreters of Kature, that wc know nothing 
but Matter and the Laws of Matter, and that Eorce is a mere fiction of tlie 
Imagination. May it not be affirmed, on the other hand, tliat while our 
notion of Matter is a Conception of the Intellect, Force is tliat of wliicli wo 
have the most direct — perhaps even the only direct — cognizance? As I have 
already shown you, the knowledge of llcsistanco and of Weight which we gain 
through our Tactile Sense is derived from our own perception of exertion; and 
in Vision, as in Hearing, it is the Force with which the undulations strike 
the sensitive surface, that affects our consciousness with Sights or Sounds. 
True it is that in our Visual and Auditory Sensations, wc do not, as in our 
Tactile, directly cognosce the Force which produces them ; but the Physicist 
has no difficulty in making sensible to us indirectly the undulations by wliicli 
Sound is propagated, and in proving to our Intellect that the Force concerned 
in the transmission of Light is really enormous 

* See Sir John Heyschers Familiar Lectures on Scientific Subjects. 
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It seems strange that those who make the loudest appeal to Experience as 
the basis of aU knowledge, should thus disregard the most constant, the most 
fundamental, the most direct of all experiences ; as to which the Common 
Sense of Mankind affords a guiding light much clearer than any that can be 
seen through the dust of Philosophical discussion. For, as Sir John Herschel 
most truly remarked, the universal Consciousness of mankind is as much in 
accord in regard to the existence of a real and intimate connexion between 
Cause and Effect, as it is in regard to the existence of an External World ; and 
that consciousness arises to every one out of his own sense of joerso7ial ex- 
ertion in the origination of changes by his individual agency. 

Now wliilo fully accepting the Logical definition of Cause as the ‘‘an- 
tecedent or concurrence of antecedents on wliich the Effect is invariably and 
unconditionally consequent,” we can always single out one dynamical 
antecedent — the Power which does the work — from the aggregate of 
material conditions under which that Power may be distributed and 
applied. No doubt the term Cause is very loosely employed in popular 
phraseology ; often (as Mr. Mill has showm) to designate the occurrence that 
immediately preceded the effect ; — as when it is said that the spark which 
falls into a barrel of gunpowder is the cause of its explosion, or that the 
vslipping of a man s foot off the rung of a ladder is the cause of his fall. 
Put even a very slightly trained Intelligence can distinguish the Power 
which acts in each case, from the Conditions under which it acts. The 
Force which produces the explosion is locked up (as it were) in the powder ; 
and ignition merely liberates it, by ])ringing about new Chemical combina- 
tions. The fall of the man from the ladder is duo to the Gravity which was 
cciually pulling liim down while ho rested on it ; and the loss of support, 
either by the slipping of his foot, or by the breaking of the rung, is merely 
that change in the material conditions which gives the Power a now action. 

Many of you have doubtless viewed with admiring interest that truly won- 
derful work of Human Design, the Walter Printing Machine. You first 
examine it at rest ; presently comes a man who simply pulls a handle towards 
liini ; and the whole inert mechanism becomes instinct with life, — the con- 
tinuous sheet of four miles of Idank paper wliich rolls off the cylinder at one 
end, being delivered at the other, 'without any intermediate human agency, as 
separate “ Times ” Newspapers, at the rate of 15,000 an hour. Now what is 
the Cause of this most marvellous effect? Purely it lies essentially in the 
Power or Force which the pulling of the handle brought to bear on the machine 
from some extraneous source of Power, — which we in this instance know to 
bo a Steam-engine on the other side of the wall. This Force it is, which, 
distributed through the various parts of the IMcchanisra, really performs the 
action of which each is tlie instrument ; they only supply the vehicle for ilp 
transmission and application. The man comes again, pushes the handle in the 
opposite direction, detaches the Machine from the Steam-engine, and the 
whole comes to a stand ; and so it remains, like an inanimate corpse, until 
recalled to activity by the renewal of its Moving Power. 

Put, say the Ileasoners who deny that Force is any thing else than a fiction 
of the imagination, the revolving shaft of the Steam-engine is “ Matter in 
Motion;” and w^hon the connexion is established between that shaft and the 
one that drives the Machine, the Motion is communicated from the former to 
the latter, and thence distributed to the several parts of the Mechanism. 
This account of the operation is just what an observer might give, who had 
looked-on with entire ignorance of every thing but what his eyes could see ; 
the moment he puts his hand upon any part of the machinery, and tries to 
1872. / 
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stop its motion, he takes as direct cognizance, through his feeling of the Effort 
required to resist it, of the force which produces that motion, as he does 
through his eye of the motion itself. 

Now since it is universally admitted that our notion of the External World 
would bo not only incomplete, hut erroneous, if our Visual perceptions were 
not supplemented by our Tactile, so, as it seems to me, our interpretation of 
the Phenomena of the Universe must be very inadequate, if wo do not 
mentally co-ordinate the idea of Force with that of Motion, and recognize it 
as the ‘‘efficient cause’’ of those phenomena, — the “material conditions” 
constituting (to use the old Scholastic term) only “ their formal cause.” 
And I lay the greater stress on this point, because the Mechanical Phi- 
losophy of the present day tends more and more to cx])ress itself in terms 
of Motion rather than in terms of Force ; — to become Kinetics instead of Dy- 
namics, 

Thus from whatever side wc look at this question, — whether the Common 
Sense of Mankind, the Logical Analysis of the relation between Cause and 
Effect, or the Study of the working of our own Intellects in the interpreta- 
tion of Nature, — we seem led to the same conclusion ; that the notion of Foi'ce 
is one of those elementary Forms of Thought with which we can no more 
dispense, than we can with the notion of Space or of Succession. And I 
shall now, in the last place, endcavoiir to show you that it is the substi- 
tution of the Dynamical for the mere Phenomenal idea, which gives their 
highest value to our conceptions of that Order of Nature, which is wor- 
shipped as itself a God by the class of Interpreters whoso doctrine I call 
in question. 

The most illustrative as wcU as the most illustrious example of the differ- 
ence between the mere Generalization of Phenomena ancl the Dynamical 
conception that applies to them, is furnished by the contrast between the 
so-called Laws of Planetary Motion discovered by the persevering ingenuity 
of Kepler, and the interpretation of that Motion given us by the profound in- 
sight of Newton. Kepler’s three Laws were nothing more than comprehen- 
sive statements of certain groups of Phenomena determined by observation. 
The first, that of the revolution of the Planets in Elliptical orbits, was based 
on the study of the observed places of Mars alone ; it might or might not be 
true of the other Planets ; for, so far as Kepler knew, there was no reason 
why the orbits of some of them might not be the excentric circles which he had 
first supposed that of Mars to be. Bo Kepler’s second law of the passage of 
the lladius Vector over equal areas in ecjual times, so long as it was simply 
a generalization of facts in the ease of that one Planet, carried with it no 
reason for its applicability to other cases, except that which it might derive 
^om his erroneous conception of a whirling force. And his third law was 
in like manner simply an expression of a certain Harmonic relation which 
ho had discovered between the times and the distances of the Planets, having 
no more rational value than any other of his numerous hypotheses. 

Now the Newtonian “ Laws ” are often spoken of as if they were merely 
higher generalizations in which Kepler’s are included ; to me they seem to 
possess an altogether different character. For starting with the Conception 
of two Forces, one of them tending to produce continuous uniform motion in 
a straight line, the other tending to produce a uniformly accelerated motion 
towards a fixed point, Newton’s wonderful mastery of Geometrical reasoning 
enabled him to show that, if these Dynamical assumptions be granted, 
Kepler’s phenomenal “ Laws,” being necessary eonscMpienccs of them, must 
be nniversidhf true. And while that demonstration would have been alone 
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sufficient to give him an imperishable renown, it was his still greater glory 
to divine that the fall of the Moon towards the Earth — that is, the deflection 
of her path from a tangential line to an ellipse — is a phenomenon of the same 
order as the fall of a stone to the ground ; and thus to show the applicability 
to the entire IJniverse, of those simple Dynamical conceptions which consti- 
tute the basis of the Geometry of the Principia. 

Thus, then, whilst no ‘‘Law’^ which is simply a generalization of 
Phenomena can bo considered as having any coercive action, we may assign 
that value to Laws which express the universal conditions of the action of a 
Force whose existence wo learn from the testimony of our own consciousness. 
The assurance we feel that the Attraction of (iravitation must act under all 
circumstances according to those simple Laws which arise immediately out of 
our Dynamical conception of it, is of a very different order from that which 
we have in regard (for example) to the Laws of Chemical Attraction, which 
are as yet only generalizations of phenomena. And yet even in that strong 
assurance, we are required by our examination of the basis on which it rests, 
to admit a reserve of the possihiJitif of something different ; a reserve which we 
may well believe that Newton himself must have entertained. 

A most valuable lesson as to the allowance we ought always to make for 
the unknown ‘‘possibilities of Nature,” is taught us by an exceptional phe- 
nomenon so familiar that it docs not attract the notice it has a right to 
claim. Next to the Law of the Universal Attraction of Masses of Matter, 
there is none that seems to have a wider range than that of the Expansion of 
Bodies hj Heat and their Contraction hy Cold, Excluding Water and one or 
two other substances, the fact of such expansion might be said to be invariable ; 
and, as regards bodies whose Gaseous condition is known, the Law of Ex- 
pansion can be stated in a form no less simple and definite than the Law of 
Gravitation. Supposing those exceptions, then, to be unknown, the Law 
would bo nniversid in its range. But it comes to be discovered that Water, 
whilst conforming to it in its expansion from vpwards to its boiling- 

point, as also, when it passes into Steam, to the special law of Expansion of 
Vapours, is exceptional in expanding also from downwards to its Freez- 
ing-point; and of this failure in the Universality of the Law, no rationale can 
be given. Still more strange is it, that by dissolving a little salt in water, 
wo should remove this exceptional peculiarity ; for s^a-watcr continues to con- 
tract from 39 downwards to its Freezing-point 12° or 14° lower, just as it 
does with reduction of temperature at higher ranges. 

Thus from our study of the mode in which wo arrive at those conceptions 
of the Orderly Sequence observable in the Phenomena of Nature which wo 
call “ Laws,” wo are led to the conclusion that they are Human conceptions, 
subject to Human fallibility; and that they may or may not express the 
Ideas of the Great Author of Nature. To set up these Laws as self-acting, 
and as either excluding or rendering unnecessary the Power which alone 
can give them effect, appears to mo as arrogant as it is unphilosophical. To 
speak of any Law as “regulating” or “governing” phenomena, is only per- 
missible on the assumption that the Law is the expression of the modus 
operandi of a Governing Power. — I was once in a great City which for two 
days was in the hands of a lawless mob. Magisterial authority was sus- 
pended by timidity and doubt ; the force at its command was paralyzed by 
want of resolute direction. The “ Laws ” were on the Statute book, but there 
was no Power to enforce them. And so the Powers of evil did their terrible 
work; and fire and rapine continued to destroy life and property without 
check, until new Power came in, when the lleign of Law was restored. 



Ixxxiv 


REPORT 1872. 


And thus wo aro led to the culminating point of Man’s Intellectual Inter- 
pretation of Nature^ — ^his recognition of the Unity of the Power, of which her 
Phenomena are the diversified manifestations. Towards this point all Scien- 
tific inquiry now tends. Tlic Convertibility of the Physical Porces, the Cor- 
relation of these with the Vital, and the intimacy of that nexas between 
Mental and Bodily activity, which, exjjlain it as wo may, cannot be denied, 
all lead upward towards one and the same conclusion ; and the pyramid of 
which that Philosoi)hical conclusion is the apex, has its foundation in the 
Primitive Instincts of Humanity. 

By our own remote Progenitors, as by the untutored Savage of the present 
day, every change in wliich Human agency is not apparent was reterred to 
a particular Animating Intelligence. And thus they attribut(Ml not only the 
movements of the Heavenly bodies, l)ut all the i)hcnom(ma of Nature, each 
to its own Deity. These Deities were invested with more than Human power ; 
but they were also supposed capable of Human passions, and subject to 
Human caxjriciousness. As the Uniformities of Nature came to be more 
distinctly recognized, some of these Deities were invested with a domi- 
nant control, while others were supposed to bo their subordinate ministci*s. 
A serene Majesty was attributed to the greater Cods who sit above the 
clouds ; whilst their inferiors might “ come down to Earth in the likeness of 
Men.” With the growth of the Scientific IStudy of Nature, the conception 
of its Harmony and Unity gained ever-increasing strength. And so among 
the most enlightened of the Greek and lioman Philosophers, we find a 
distinct recognition of the idea of the Unity of the Directing Mind from 
which the Order of Nature proceeds ; for they obviously believed that, as our 
modern Poet has expressed it, — 

“All are but parts of one stupendous wliolc, 

“Whose body Nature is, and God tho Soul,” 

The Science of Modern times, however, has taken a more special dii’cotion. 
Pixing its attention exclusively on ihc Order of Nature, it has s(‘parated itsedf 
wholly from Theology, wdioso function it is to seek aftci* its OaKfic, In this, 
Science is fully justified, alike by the entire independence of its objects, and by 
the historical fact that it has been continually hampered and im])eded in its 
search for the Truth as it is in Nature, by the restraints which Theologians 
have attempted to impose upon its inquiries. But when Science, passing 
beyond its own limits, assumes to take the place of Theology, and sets up its 
own conception of the Order of Nature as a sufficient account of its Cause, 
it is invading a province of Thought to which it has no claim, and not un- 
reasonably provokes the hostility of those who ought to be its best friends. • 

Por whilst tho deep-seated instincts of Humanity, and tho profoundcst re- 
searches of Philosophy, alike point to Mind as the one and only source of 
Power, it is the high prerogative of Science to demonstrate tho Unlti/ of tho 
Power which is execrating through the limitless extent and variety of the 
Universe, and to trace its Continuity through tho vast scries of Ages that 
have been occupied in its Evolution. 
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Heport on the Gaussian Constants for the year 1829, or a Theory of 
Terrestrial Magnetism founded on all available observations. By 
II. Petersen and A. Erman. 

It was in 1838 that the illustrions C. P, Gauss published the principles of 
a method which made all the phenomena of terrestrial magnetism as fully 
calculable as are astronomical phenomena by l^ewton’s theory of gravita- 
tion. This beautiful accession to natural philosophy may be summed up as 
follows : — 

For every point of space, the position of which is given by its distance r from 
the earth’s centre, and by the angles u and \ denoting respectively its angular 
distaTice from the geographical north pole and its longitude east from Green- 
wich, there exists a mathematical expression relating to the terrestrial magnetic 
qualities of this point, and containing only r and trigonometrical functions 
of u and X, together with numerical values that arc the same for the wliolo 
extent of space. This expression is called the magnetic potential of the 
point ; and as to the said numerical values, we give them here, as we did in 
the lleport on our computation made during the years 1840 to 1848, tlie 
name of the Gaussian Constants. This must be understood as relating to 
their invariability as to space, but by no means to independence of time. 

For every point on the eartlfs surface, or above it, up to inlinite distance, 
the magnetic potential has a finite value, and in conscMpience thereof must bo 
calculable as soon as the Gaussian constants arc known. There exists no 
visible or measurable phenomenon which for every given point agrees with 
the value of the magnetic potential ; but this remarkable quantity is 
for every place in explicit connexion witli the intensity and the direction 
of the magnetic force which is exerted there by the causes considered. These 
two measurable phenomena are therefore given as soon as the potential can 
bo ascertained; and the same is the case with every one of the components 
which we are wont to form of terrestrial magnetism for the sake of easier 
observations — as, for instance, with the three rectangular components, wdiich 
in their turn are equivalent to the horizontal and vciiical intensities and to 
1872. B 
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what we call the angles of declination and inclination. Indeed at any place 
a component in any direction whatever of the magnetie force is merely pro- 
portional to the increment which the potential there takes by a small 
displacement in the same direction. Eut now the determination of 
that potential which outside a sphere results from any magnetic actions 
of its interior, and therefore, according to the last remark, the foretelling of 
all magnetic phenomena produced by the same causes, become possible and 
are facilitated by the following circumstances. In every case of the descrip- 
tion just mentioned the magnetic potential can be expanded into an infinite 

but converging series, proceeding by integer powers of 1, the exponent of the 

r 

first one being 4-1- Among the terms of this series, that which is divided 
by r contains 3 of the Gaussian constants^ 


r’* 2n-fl „ „ 

In the formula for the potential, each of these constants is multiplied by a 
theoretically given trigonometrical function of u and X, and therefore, for any 
given point, by the numerical equivalent of this function. The algebraic 
developments which Gauss’s classical work contains for the magnetic potential, 
as well as for the observable magnetic components, relate also to the actions 
of a sphere enclosing a finite or infinite number of any magnetic centres 
whatsoever. Therefore these expressions can represent our terrestrial pheno- 
mena only after the substitution, for every symbol denoting a Gaussian con- 
stant, of that number which the individual magnetie (|ualilies of the earth 
require, according to observations. But then, sperlally, this transformation of 
the abstract theory of the magnetic actions of a sphere into the practical 
theory of terrestrial magnetism will amount to the determination, from a 
sufficient number of observed values, of 15, 2d, 35, or generally + 
Gaussian constants, according as it appears that the third, the fourth, the 
fifth, or generally the wth term in the algebraical ex})re8sions of these em- 
pirical data is the first that is surpassed by the probable amount of their 
inevitable errors. 

A first attempt towards the completion of the theory of terrestrial magnetism 
was made by its illustrious author with material of which the gaps for the 
greater part of the Antarctic Ocean, and for other vast regions, could only bo 
filled up by graphical guesswork. It led to the conclusion that a restriction 
to four terms of the potential, and therefore the determination of 24 Gaussian 
constants, did more than respond to the mean exactitude of the empirical data. 
To the same effect w^as the computation that II. Petersen executed from 
1846 to 1848, when commissioned for the purpose by the British Association. 
Indeed, it being exclusively founded on 610 results of careful magnetic 
measurements made by A. Erman on a line round the earth between 
67° north latitude and 60° south latitude, the resulting new constants re- 
presented these observed values fully twice as w^ell as did the old ones, 
and thereby, as must be avowed, up to the amount of their own probable 
errors. But it having been shown by later experience that, just as was 
expected, much larger disagreement between reality and both the theoretical 
deductions, did still exist in those parts of the earth where the one or the 
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other had wanted empirical supplementing*; and we, in consequence thereof 
undertaking the recomputation now finished with all available observatioiis, 
resolved once more to confine ourselves to the determination of the same 
24 constants solely. Indeed tho material on which we have founded this new 
and definitive calculation is by its geogra 2 )hical completeness far superior 
to that of both the former ones; but many of its modern accessions do not 
exceed, nor even attain tho exactitude of tho observations mentioned above. 

According to what wo have stated in the beginning, the Gaussian constants 
must to the same extent be cither dependent on or independent of time as are 
the phenomena of terrestrial magnetism. N^ow very old and indubitable 
experience has proved that each of these phenomena undergoes not only 
the various short-period changes, from which tho observer can easily, 
and is always supposed to free them, but also the so-cullod secular 
variations of by far a larger amount. Tlie Gaussian constants being then 
likewise variable as to time, it appears that they can bo determined each 
time but for one given epoch, and then out of o})servations whi ^h either have 
been all made at this oi^och, or reduced to what Ihej" would have given if 
made at the same. 

The aim of our present calculations \vas to detennino with all attainable 
exactitude the Gaussian constants for the year 182U, in ord('r that the results 
of the newly founded theory might be directly com])arahle as well with those 
of their first evaluation, relating nearly to the same epoch, as with the most 
careful measureineuta made hy Ilansteen and Erman between 1828 and 
iSIiO. Ihit, as for canwing this out wo had to make an ecpial use of all ob- 
servations to be relied upon, and originating wliether in the selected epoch 
or at any interval whatsoever before or alter this time, our work was 
divided into two independent parts : — 

1. Eormula) were to bo constructed and employed for reducing each of the 

magnetic results wliich, at widely dilleriug times, had been ob- 
tained by observations all over the earth's surface, to what they 
would have been in 1 820 ; and 

2. Out of these reduced values, twenty-four iiumbcrs wore to be com- 

puted which, when taken for our twenty-four Gaussian constants, 
responded as nearly as possible to all empirical data observed in, 
or reduced to, tlie epocli 1 820. 


I. Hcdncihn o f Ohserved Values to the Year 1829. 

Without the oxistcuco of the Gaussian theory, the only means to execute 
such reductions would have been, for every kind of magnetic phenomena 
at any place, to guess what changes they had undergone, according to 
the changes which had been observed for the same phenomena at certain 
other places. Such rude attempts have indeed been made for tho purpose of 
ascertaining the changes of declination at places where they had never been 
observed. They could perhaps have been extended, though with much less 
foundation on experience, to inclination -changes ; wliercas for the secular 
variations of intensity not even this nppoaraiice of a means existed, owing 
to an almost total want of data. But the problem of our reductions has now 

* As, for instance, according to the comparison made hr A. Erman, between the results 
of both systems of constants and the magnetic observalions at some places in India, by 
Mr. K. Koppo, who was commissioned to do .so in tlie Tot}il-.EcH})Sp Expedition of 16*0^, 
as published iu the ‘ Astronomische Nochrichten/ toI. Ixxv. p. 242 et seq. 

B 2 
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been stated in proper form and has been greatly simplified, since theory has 
shown that, and how, all kinds of magnetic secular changes, for any arbitrary 
time and place, depend on one common cause, viz. on the synchronous changes 
of the Gaussian constants. Indeed these quantities only can give to the alge- 
braic expressions of magnetic elements different numerical values at various 
epochs, because the quantities ?% w, and \ arc by their nature once and for 
ever invariable ; and then, as only the first power of every Gaussian constant, 
and no products of them, occurs in the potential, the following general rule can 
evidently be laid down : — The amount of change for any element of terrestrial 
magnetism (as, for instance, for the declination, the inclination, one of the 
three rectangular components, and so forth) during a given period must be 
calculated by that same formula which expresses its absolute value, if only 
instead of each Gaussian constant there is placed the increment which its 
value has received during the same period. Tliis idaiii corollary of the magnetic 
theory has been of twofold use for the reductions we had to make, and will 
serve in the same way for all future ones. Indeed its inverse application 
gives, from observed changes of magnetic phenomena, the synchronous 
changes of the Gaussian constants; and by substituting these latter results in 
the irect formulae, the changes of every phenomenon may be computed for 
places where they have never been observed. The first part of this pro- 
ceeding is immensely preferable to empirical guessings ; for it makes an almost 
equal use of the variations in any kind of magnetic phenomena, and thereby 
leads to the knowdedge of these variations in those kinds for which experience 
is wanting. The secular changes of intensity may thereforo be ascertained 
for periods in which wx know only changes of inclination and declination, 
or even for those in which the latter only liavc been observed. Moreover it 
is only by these means that tlie consequences of experience on secular changes 
in certain parts of the earth can very coiitidenlly bo extended to the re- 
motest parts. 

nevertheless, before we could make the application of this memorable 
method, a decision was wanted concerning two points, according to the result 
of which our proposed reductions miglit prove to be either easy or difficult, or 
even wholly impracticable ; to wdt : — 

1, What kind of connexion exists between the lapse of time and 

the variations which are undergone by magnetic phenomena and 
consequently by tlic Gaussian constants ? and 

2. In how many and in wdiich of the Gaussian constants will the varia- 

tions bo of most influence, and in Avhich others may they be 
neglected for j)ractical approximation ? 


As to the first question, it has been proved by the changes of the threo 
magnetic components at Berlin, observed fully during the last forty-five 
years by Erman, and partially at intervals during almost a hundred y('iirs 
by others, and besides by a great number of partial scries of observations 
at other places, that during the last century the variations of magnetic 
phenomena, and consequently those of the Gaussian constants, have never 
happened by a leap, but have always progressed according to the law of 
continuity, and especially so that their amount has been merely proportional 
to the lapse of time and to its square. If, therefore, tlie increment of one of 
these constants from a year denoted by T' to another denoted by T has been 


ascertained, the 



th of this quantity wiU.be equal to the annual 


increase of the same constant for the year denoted by 


Th-T' 


More- 
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over it follows that, by the knowledge of such annual increase at two 
moments separated from one another by a sufficiently long space of time, 
we can calculate not only its value for any moment, but also that of the 
corresponding total increase during any period. Therefore the materials wo 
possessed (as is to be shown hereafter) for computing the annual increments 
of the constants for the year 1811 and for the year 1843*5, must suffice for 
our reductions ; but before employing them we had to consider the second of 
the above-mentioned questions. An indubitable answer to it was, of course, 
that we had to take into account and to determine the variation with time 
for all those twenty-four constants the values of which were to bo deter- 
mined afterwards by the reduced observations. The solution of the problem 
up to this highest degree of exactitude will at some future time be a beautiful 
result of our present work, combined with a similar one for a later date ; but 
had we undertaken it now, the preparatory task would not only have become 
more extensive than the essential one, but would even have been impeded 
by a most sensible want of means. We had therefore to content ourselves with 
making our reductions for secular changes an approximation to reality, in 
the same way as astronomers do when, in computing secular planetary 
perturbations, they disregard tlie terms of less influence. So iu this particular 
case it was resolved to take into consideration only the changes of the first 
two terms of the potential — tlmt is to say, to ascertain for two epochs tho 
annual increments of the first eight of the Gaussian constants. 


A. 0)1 the Efjuations for animal Increments of Constants duriny the year 1811. 

In order to ascertain the amount of the annual changes of the Gaussian 
constants marked by 


</\ </\ and ir 

for our first epoch of 1811, we have founded the computation on 


1. The increments of declination which appear as having happened 

from the year 1784 to tho year 1840, from a comparison of the 
maps of isogenic lines constructed for the said years by C. Ilansteen 
and E. vSabiiie ; and 

2. The increments wliich inclination has undergone from 1780 to 1840 

and whicli appear as differences between tho isoclinal maps of the 
same authors. 


The increments of tlu'se two phenomena were taken by comparing the said 
maps for forty-two points of intersection between the meridians of 

X=0°, GO^ 120% 180% 240% and 300° 
and the parallels of 

^f=30% 50% 70% 90% 110% 13U' and 150°; 

and then, if and i respectively designate the fifty-six years’ increment of 
declination and the sixty years’ increment of inclination, and 

aj, «j, aj, a,, and 

respectively the sought-for annual increments of the Gaussian constants 
9 ^'\ ft*’’, and 
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there were formed forty-two conditional or primary equations to schednlo 
(1), and then just as many to schedule (2). 

With to for the hoi'izontal intensity, d for the declination, 
5G 

and : — — , there had to ho calculated for the a measured 

to . sin 1° 

hy degrees of arc : — 
a = — sin u . sin d, 

h=s: + cos u . cos X . sin sin \ . cos d, 
c= + cos w . sin X . sin (?— cos X . cos d, 
f? = — sin 2 a . sin d, 

«= -|- cos 2a , cos X . sin d + cos u . sin X . cos d, 
f =2 + cos 2a . sin X . sin d — cos ii , cos X . cos d, 

^ sin 2a . cos 2X . sin 2 . sin u . sin 2X . cos d, 

Zt= -f sin 2a . sin 2X . sin d — 2 . sin a . cos 2X . cos d, 


( 1 ) 


and then formed as primary equations, to which tho sought- 
for . . . . had to answer as nearly as possible, 

n= 2 =a,oi^ + h.a^-\-c.cc^ + d,a^ + e.oc^+f ,ci^+h,a^, 

L 


The I or sixty years’ inclination-increments being measured 
by degrees of arc, with i for the inclination, k\ = — 

had to bo evaluated ; — 

a r= — sin u , sin i . cos ^ . cos d-{-2 cos u . cos'^ i, 

b=(G 08 u . cos d . cos X — sin . d . sin X) . sin i . cos i 
-b 2 . sin u . cos X . cor“ i, 

c=(cos u . cos d . sin X-f sin d . cos X) sin i . cos i 
-b 2 . sin a . sin X . cos'*^ i, 

rZ= — sin . 2a . cos d . sin i , cos e + (3 . cos‘^ it — 1) . cos'”^ i, 

€=(cos 2a . cos X . cos d — cos a . siiiX . sin d) sin i . cos i 
(2) ^ -b|- . sin 2a . cos X . cos^ /, 

/=(cos 2a . sin X . cos c^-fcos a . cos X . sin X) . sin i . cos i 
-b I . sin 2a . sin X . cos''* i, 

(sin 2 a . cos2 \ . cose?— 2 sin . Bin2X . sine?) . sinr . cos i 
+ 3 . siu'^ a , cos 2X . cos’* i, 

7i= (sin 2a . sin2X . cos(?-b 2sin u . cos2X . sinr7) . sin i . cos ? 
-f 3 . sin** u , sin 2X . cos'^ i, 


and then to bo formed as primary equations, to which tho 
aj . . . .a^ had to answer as nearly as possible, 


Tho forty-two numerical values ofV and, t which wo have used in tho 
primary equations to the preceding cjchedul'es (1) and (2) are shown in tho 
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following Tables. They form the first horizontal lino for every value of u, 
and arc marked Ma. when directly made out by the aforesaid maps. Wo 
subjoin to them, in the second line for every u, and marked by Ca., the 
corresi)ondiug calculated values, which, according to the solution of our final 

conformable to theory 


equations, as has to be shown hereafter, are at once 
and tho closest to the results obtained from the maps. 


Values of a or increments of Declination from 1784 to 1840. 



120®. 

180®. 

240®, 

300®. 

o 1 

0 

0 

1 0 

- 1-3 

4- 2*2 

- 8*7 

+ rs 

-^‘37 i 

4- i‘oo 

+ 1*35 

+ i 4‘95 

+ 1*7 i 

+ ro 

- 2*7 

+ 45 

- 0*75 

4- 0*27 

4- o*6o 

+ 9 ' 4 <’ 

+ 0*5 1 

4- 1*0 

- 32 

4- 2*2 

4 - 1-04 

+ 2*17 

4- 0 *19 

4 - 2*95 

_o ‘9 

4- 1*2 

- 3*0 

4 - 0*9 

4-0*38 1 

; ~ 1-56 , 

j 1 

— 1*92 

4 - 3*01 

4-0*2 1 

+ 0-8 j 

- 4*0 

+ 3 ’i 

+0*51 1 

! - i 

— 2*41 

+ 

1 

- 4*3 

- 0*7 

i ~ 7*1 

1 + 3*5 

4-2*26 

— 2*02 

j ~ 2*8 o 

i 4 “ 1*22 

- 5*0 

- 3*9 

1 - 13*3 

4- 2*1 

+ 4’37 

— 10*04 

- 4*24 

+ 2-93 


Values of L or increments of Inclination from 1780 to 1840. 
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The coefficients 6 . . . . 7i of the primary equations have been calculated 
with d and i as nearly given for 1811 by a mean between the indications of 
both isogonic and of both isoclinal maps, and with w as sufficiently known 
since 1829, 


B, On the Eqmiions for annual Increments of Constants during the 

year 1843*5. 

"We have already mentioned that our second determination of a set of 
annual increments of the first eight Gaussian constants was 

intended to give these quantities for the date 1843*5. This date follows 
indeed from being the middle of the period 1829-58, during which 
had happened those changes of phenomena on which we first founded our 
conditional or primary equations. These were tlie values of or or increments 
of declination that we obtained by a comparison between the normal or 
theoretically interpolated declinations for 1829, as given in the ' Magnetischo 
Atlas’ by Gauss and 'Weber, and the corresponding ones for 1858, as re- 
presented by the isogonic lines in Berghaus’s Chart of the World. 

These increments result as follows for thirty-six of the before-mentioned 
points : — 


Values of a or increments of Declination from 1829-58. 


x= 

0°. 

60'’. 

120°, 

180°. 

240°. 

300°. 

u 

0 

0 

0 

0 

0 

0 

30 ° 

— Z *2 

- 4*1 

+ 3 'S 

-r6 

“ 4*3 

+n 

so" 

“57 

4 - 0*5 

4 - 1*5 

-1*8 

4 - 0*3 

4 - 5*0 

o 

O 

- 5 ’i 

+ «'3 

4-0*2 

- 0*3 

4 - 2*1 

4-0*6 

90° 

+ 0-1 

— 0*1 

4*0*2 

-f 2*0 

4 - 2*4 

— 0*2 

110° 

+ 4'4 

“37 

4 - 1*3 

“ 0*7 

— 0*1 

— 0*2 

130° 

+ 3'9 


0*0 

1 

- 2*7 

4-2*8 

-- 0*4 


As no sufficient data exist for a similar collection of the changes which 
inclination lias undergone during the same period, we have completed our 
material by the following results of researches on secular variation of 
magnetic elements. If I generally denotes the annual increment of any 
element /or the date 1843*5, and/ the total magnetic intensity, there were 
put X=/. cost . coscZ, Y=/. cost . sinc7, Z=/. sint, as well as p for the 
so-called weight or measure of prohahility ; and then the following numbers 
were ascertained, in order to be afterwards combined into conditional equa- 
tions with the sought-for a^. , , .a^, or annual increments of constants. 
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Annual Increments of Magnetic Eletnents for the date 1843‘0 — the variatiom 
o/yi, Y, and Z being measured hg units of intensity y the variations of i 
and of i by minutes of arc. 


Number 

of 

station. 

'll. 

X. 

^X. 

^Y. 



Tho results 
originating : — 

I. 

37 28*08 

0 1 

13 23*20 

+0*570 

—0*672 

-2*710 

4 

At Berlin. 

2. 

48 45 

352 30*0 

1 

4-2*996 

—0*469 

+ 1*087 

1 

3 

Out of Erinan’s ob- 
servations in Spain 
and Fi’ance for 
IS.olVT, and on tho 
Atlantic for 18,30. 

3- 

123 56*05 i 

18 28*50 

— 1184 

+0*039 

-1*277 

3 

At Cape Town. En- 
glish observatory. 

4- 

46 20*4 

280 38*5 

— 0*265 

-0*243 

+ 0*165 

3 

At Toronto. Ibid. 

5- 

76 56 

80 17 

4-0*856 

1 —0*310 

4-0*856 

' 3 i 

1 At Aladraa. Ibid. 

6. 

132 5^*5 

147 27*5 

— 0*090 

1 —0*261 

-0*014 

1 3 

! At lfobarton. Ibid. 

7- 

24 46*47 

64 39-50 

—0*1 16 

1 —0*681 

+1-436 

3 

! 

At Obdorsk and He- 
re sowsk. Observa- 
tions for 1828 and 
for 1840. 

8. 

133 21-4 

215 30-7 

+ 1*002 

j -3‘«49 

— 6*604 

1 I 

On the Pacific. Out 
of observations in 
18,30 by Erman, 
and in 1843 on 

1 Englisli ships. 

9- 

132 6*8 

308 i8*9 

+ 8*069 

+ 0*693 

-5-796 

1 

] Ibidem. 

10. 

141 32*1 

254 31*0 

+ 3*105 

— 6*630 

-5994 

I 

Ibidem. 

1 1. 

143 55‘o 

302 10*7 

+ 7*415 

— 0*065 

-5763 

1 

Ibidem. 

12. 

147 1*6 

283 56-3 

+4*140 

— 7*212 

— 6*649 

I 

Ibidem. 

13 - 

105 55*43 

354 i6*oi 

(+^'■347) 

(-4'-ii8) 


2 

At St. Helena. En- 
glish observatory. 
Intensity-changes 
not observed. 


The quantity p bcinp^ supposed to express the number of direct obser- 
vations which might liave given a result of equal accuracy to that in 
question, it ought to be inversely proportional to the square of the probable 
error of this result, which latter, in its turn, is unknown. Therefore our 
suppositions on these values of p could pretend to no more than an ajiproxi- 
mation to reality, and were then founded partly on regard to the exactitude 
and completeness of the absolute measurements at ditferent places, partly as 
follows from some regard to the dates of these ])erformances. Out of the 
preceding values of annual increments, only those under 1 and 3 have 
been derived immediately and exclusively from observations at the places 
named in the same lines ; and then, especially if the date is generally 
marked by 1800 -f/, the numerical absolute values of magnetic elements are 
expressed for Berlin^ or with u and X as under 1, according to Ermau’s ob- 
servations, by 

(Z=18 7*5r)-~6'07003G2 . (^~1-914)% 

? = 6G 37-20 4- 0-02125. (^-102•2)^ 
u>=502-04 4-0-0068043 . (<-16-108/ ; 
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and for Cape Town^ or the position as under 3, according to what we have 
derived from all local English observatory journals, by 

d=^ 29 33-85-6-11273 (^-58*04f, 

z=~58 51*07 -f 0-02242 (^-165•58)^ 
a>=588-95 + 0*02813 (^-.61*800)-. 

Now by developing out of each of these expressions, with f=43'5, their 
absolute values as well as the annual increnients cJ, ri, and of the same, 
and then introducing these quantities into the easily proved expressions, 

^X=cos d . . vsiii 1' . sin d . }id, 

^Y=sin cZ . <i) . sin 1' . cos d , . ^d, 

^Z=tan '/ . -f <i> . sin 1' . sec^ i . 

these increments of rectangular components for 1843*5 are obtained as above 
under 1 and 3. 

Eut for all the other above-named places, the existing observations, when 
treated as the last mentioned, did not give complete expressions for (Z, /, and io, 
but only their expressions for limited periods. The annual increments of the 
components X, Y, Z, which were determined from such observations, in 
general did not exactly pertain to 1843*5, but to a value of t somewhat 
different from 43*5. Now, as our computation for the first epoch, or 1811, 
had already furnished the increments of the constants for the 

same, we have, first, calculated (by the help of the following formulie (3), 
(4), and (5)) the annual increments of X, Y, Z at the same places for 1811, 
and then, having denoted the value of any one of these increments for 

1843*5 by a, 

1811 by 
1800 4- Z by It, 

wo have determined the results, as given above under number 2 and 
numbers 4 to 13, by the relation 

^=^< + 1^. (43-5-0. 

There were, in particular, to be used for the increments under numbers 

2, ^ = 41*4, 

4, if =35, 

5 and 6, Z=48*5, 

7, Z=38*e5, 

12, Z=36, 

13, f=45; 


whereby it appears that the empirical elements of our equations were in- 
fluenced, to an always slight but not whoUy equal extent, by a former calcula- 
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iiou. The values attributed to p had therefore to be assumed with at least 
an additional regard to this circumstance, 

Now, as for the conditional equations themselves, between a^, . . ,a^ for 
1843*5, and the empiric data hitherto recorded for the same year or for the 
period 1829-58, it appears, first, that these equations for the ‘‘ <t or increments 
of declination from 1829-58’’ had once more to be formed according to 
schedule (1) (of A, or ‘‘equations for 1811”). In this schedule we had again 

to make 71= but this time with ic= — . 

K u ) . sin P 

As for the two values cd and cl that are recorded under number 13, we have 

employed for dd the said schedule (1), and in it have taken 7 i= ^ with 

K 

K-= and for U the schedule (2) (of A, or “ equations for 1811 

1 

after substitution of n— — with (c= . — : and then, finally, all the 

K w.sml ^ 

recorded values of ^X, 2Y, and SZ were set in equations, according to the 
following schedules (3), (4), and (5), which we had derived for the purpose. 


rWith 


(3) 


G) 


and then 


«= 4-sin if, 

(/=4-sin 2if, 

6= — cos if . 

cosX, ^=— cos2if. 

c= — cos u . 

siiiX, /= — cos2if. 

there is 


II 

11 

i , a^ + b . a.^+c , a^ + d 

^ with 


ff=0, 

d=0, 

?j= 4 -sin X, 

e= 4- cos a . siiiX, 

c= — cos X, 

/=— cos a, cos X, 

is 



—sin 2ic . cos 2X, 


^== -f 2 sin u . sin 2 \, 




C with 

— _l_ 2 cos If, (?= + (3 , cos“ a — 1), </= 4-3 sin*' if . cos 2\, 

4-2 sin u . cos X, 4- i . sin 2f( . cos X, /i=s= 4-3 . sin" \x . sin2X, 
(*^0 * • c*= 4- 2 sin u sin X, /= -f f . sin 2u . sin X, 

there is again 

V. 7i=^Z=a . + h . a^ + d . « . ^54-/ . a^ + (j .cl^ + 1 i . 


C. Evaluation of the annual Increinents a,^, . . .cx,^ of the Gaussian constants 
^ (f^, f/’S and li^'^ for both epochs, and Be- 

ductiiws made, hy the help of these increments, of magnetic Observations 
from different dates to 1829. 

The heretofore described means had now supplied us for 1811 with eighty- 



12 REPORT — 1872. 

four, and for 1843*5 with scvonty-four numerically different equations of 
the form 

n=:a . a^ + 6 . . a^+e . ci.+f , oc,-\-(j . a, + A . or,, 

which directly to satisfy was of course in both cases impossible. But in 
order to determine those two sets of the eight unknown . . . a^, which 

according to the rules of probability had to be assumed for the first and for the 
second of the said years, it was necessary to supply the just mentioned 
theoretical form of the conditional equations by the practically possible 
assumption of 

v=(—n+a . a^+c . «^+d. a^+e . a^+f. . Uj+Jt . aj . v'^), 

p and V in this expression being meant to stand for the so-called iveiyht of 
every value of n, and for the error to be supposed in it. 

If, then, [ ] indicate generally a sum of algebraically similar terms, and 
if the assumed values of the error v be regarded as functions of the un- 
known, vve shall obtain the most probable values of . . .a^ by the 

solution of the following eight final equations under ( 6 ), wliich in their turn 
are but evident consequences of the general principle under ( 0 ) 

( 0 ). . [v^]=: minimum. 

= 0 = — + [pdp']a^ 

+ j + 

=0= - + [ bap]a^ + [ hhp]a^ + [6o^>]a3 + 

+ + [%>, + [6^(P]03- 

=o=— [cnj>]+[ cap]a, + [c 6 p]a 3 +[cfp K + [er/j)]a 3 

+ [ J«j + r + [ WJ“7 + [ 

=0= — [cZ«p] + [<^rtp]aj + [_dhp]a^ + 

+ + WfK+ 

= 0 = - [ cnp\ + [ eap\a^ + [ 

+ [ eep\a, + [ 

=o=-[fnp]+[f(q)']oc, + 

+ [fep]« 5 + [ ffPK + [fl/P^h + [j¥K 

=0 = - [<7Hp] + [ W]®! + r i/h>y'2 + J«4 

+ y<'p]a> + ifffpy, + wjpy^i + 

=0 = — [hnp] 4 - [ + \Jihp]a^ + [hcf]a^ + 

+ + Py^3«c + ^hlp']a^+Udlp]a^. 

We have here retained the general form of this prescription for calculating 
Oi, a, Oj, though when employed for the year 1811 it became simplified 
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l)y the occurrence of ^)=1 in every one of the eighty- four termed sums [ 1 ; 
'whereas in the computations for 1843*5 'we had to substitute in the sums 
[ 3, now unity, now another number for the jp’s of the seventy-four terms, 
according to the empirical values for that year, as above mentioned under “b! 
On the Equations . . . .for 1843*5.” 

Now the numerical values for the final equations (6) have been found to 
be : — 

For the year 1811. 

rrt.r]=+3-970, [rt6]=: -4-990, [«c]= +10-685, [«fZJ=: + 0-235, 
M= + 3-200, [rt/]=+0-]09, L«y]=-0-353, [«7i]= + 4-971, 
[au]=— 8*541. 

[AJ]= + 08-229, [6c]= +3-758, [6<7]= +2-881, -0-408, 

[yj= + l-90G, [6^]=-3-264, [M]=+5-044, [6 jiJ= -15-069, 

[fc]= + 62-180, [«7]= -2-742, [cc]= + 2-290, [r/J= + 1-954, 

[cy]= -6-771, [c7t]=- 11-994, [c«J= -32-370. 

[(7r7]= +23-994, [f7e]= -0-455, [r7/]= -2-493, [(7//]= -3-006, 
[(77tj=— 3-110, [(7 hJ=— 8-427. 

+10-280, [«/]= +0-699, [<-</]= -0-414, [f7>]= +7-918, 

[m]=!-15-486. 

[//J= + 13-102, [/,/]=-6-608, r/7tl=-l-208, [/«]= + 13-74.5. 
Lw]=-f 168-801, [</70= +5-350, [.<;»]= -44-715. 

[7/7(]= + 1 .34-080, [7ij}]= - 0-073. 

JPor ilic year 1843*5. 

[«ry>]= +67-883, +12-989, +9-091, fm72.]= + 8-784, 

+20-978, [«/p]= +2-959, [(rsfpj= + 0-407, [rt7,j,]= + 8-036, 
+ G4-2G5. 

[%J=+75-782, [■Jf^>]=+ 2-901, rW;)]=-3-325, [7.c;>]= + 0-198, 
[7^1= —1-578, +31-818, [//7y)J= +5-0(i2, [%>]=— 23-302. 

M= + 71-859, fcr72)J=- 3-574, [cwJ=+3-691, [(-j(^>]= +.3-007, 
[W3“ -3-337, [o7(2)J=+ 23-278, [«! 2>]= +25-870. 

[.W^,]=+ 42-200, r(7<j.]= +7-160, rf7/^>]= + 8-07(i, [f7yp]= +2-040, 
[^77y> ]= - 1-781 , ]= - 29-i599. 

+ 4.3-3.35, f efp]=: — 0-359, \e(/p] = + 10-268, [f7y)]= + 6-543, 
— 7*862. 

C.^'5’]=-f3"-440, [%]=— 5-698, [/7>2>]= +8-145, 12-456. 

r.'/'/7']= + 164-637, r'/^i^]==- 6*424, [<711^)]=*:— 59-602, 

[7i7(/,J= + 122-981, f 7wip]=» - 18*439. 
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The solution of the equations (0), when these groups of numbers were 
successively substituted, gave then the two sought-for sets of results as 
follows : — 


The inc 

called 

U’cmcnt 
pertains to 
the constants. 

Column of 
or values of 
annual increments 
for 1811. 

Column of or 

values of annual 
increments 
for 1848*5. 

a, 

<r 

-.0*910 

+ 1*889 

«2 


—0*308 

-0*4(>5 

«3 


-0*388 

+ 0*280 

1 

«4 

<.r 

-0*801 

— 0*820 

1 




-0*795 

-0*021 

«« ’ 


+0*900 

-0*290 

“t 

cr 

-0*814 

-0*255 

«« 


+ 0*027 

-0*242 


Kow, with the help of this Table, the rule for the reduction of any magnetic 
element that had been observed in the year 1821) + r (with r for any positive 
or negative number) to what it must be stated to have been in 1829, proved 
to be : — 


1. That to the observed value must ])c added the number which hereto- 

fore has been uniformly designated by n ; 

2. That this n has to be calculated 


by the schedule (1) (under 1 when a d or a declination is to 
‘‘ A. On the equations’’ &c.) J be reduced ; 

by the schedule (2) (under 1 when an i or an inclination is 
the same) j to be reduced ; 


by the schedule (8) (under 
‘‘ E- On the equations” &c.) 


when X or the northern liori- 
zontal component is to bo 
reduced ; 


by the scbcdulo (4) (under 
the same) 


when y or the western hori- 
zontal component is to bo 
reduced ; 


by the schedule (5) (under \ when Z or tlio vortical com- 
tlie same). J poiient is to be reduced ; and 


3. That, independently of the nature of the observed clement, when 
calculating its reduction n, there must be substituted, in the 
formula employed, for (with ^for the integers successively from 
1 to 8), a Sj, which corresponds to the following expression, when 
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assuming the numbers marked and under the same super- 
scription out of the yth horizontal lino of the Table 


l=T . +n- . . M+rr . N* 


To facilitate this evaluation, we used the form ^t'=T . M+rr . N, and the 
following logaritlims according to the superscriptions under which they 
stand : 


When is 
substituted for 

It must bo formed 
with log M, 
as follows 

It must be formed 
with log N, 
as follows 

«i 

9-5237 H 

8*5403 n 

«a 

9*5942 

7*3903 

a, 

8-2504 

8*0121 n 

«4 

0-7735 

7*9994 

« 

9-8112 

7*4279 n 

Ofl 

i 9-431 5 

8*2804 j 

«7 

' 9-4488 

0*9599 n 1 



9-0S7L 

7-0174 ; 


As a further illustration of these rules, we give the following example of 
our reductions. In 1818-5 or for r= — 10-5 were observed 

w X X Y Z 

2P38', 306° KT, 73-9(>, 171’92, 1009-74; 

hence for 3^=^! . • rr is obtained 

log Sj,, when standing for 

loga^ 9-5036 n ; log a^, 0*5854 n ; log 0-13G5 n ; log 0-7271 n ; 
log 0-9794 n ; log 0-0903 ; log a., 0-4S43 n ; log a^, 9*7474 n, 

log a, 9-5007 ; log h, 9*7393 n ; log r, 9-8753 ; log d, 9-8359 ; 
log 9’0332 n ; log/, 9*7094 ; log r/, J)-318() ; log h, 9-8149, 
in ^X, according to schedule (3). 

And for 

SX, —0-12, h(i^=+2‘\2, oa.,= — 1-03, 3*05, 

4-10, /aj,= +2*92, (/a-= ~-0-()3, = — 0*30; 

therefore 

SX=[f/aj + 7>>aj^. . . . +7iaJ= + 3-35 ; X + SX=77-31=thc reduced X. 


* It scarcely needs to be observed that the above rule applies verbally to reductions 
from a year 18(X)+/i to a year I8tl0+^ and t standing for any positive or negative 
numbers whatsoever), if only into . M+rr . N are introduced 


r=/-7, M= 


-( 87 - 20 . 

05 


and N= 


05 


05 
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log a ,— 00 ; log 6, 9*9070 n \ log e, 9*7710 n ; log d, — oo ; log e, 9*8753 n ; 
log/, 9*7393 n ; log 9*8467 n ; log 7t, 9*3498, in SY, according 
to schedule (4). 

And for 

SY, aai=0*00, Ja^=+3*13, c« 3 = + 0*81, c 7 a 4 = 0 * 00 , ^ 05 = + 7*16, 
/a^ss— 2*72, ^a7=+2*14, — 0*13; 

therefore 

SY==[^a, + 5a3+ . . . . . aj= + 10*39 ; Y+SY=182-31=thc re- 

duced Y. 

log rr, 0*2693 ; log Z), 9*6387 ; logc, 0*7747 n; log d, 0*1932 ; 
log e, 9*7830 ; log/, 9*91 90 n ; log 8*9920 n ; log /?, 9*5895 n, 
in ?Z, according to schedule (5). 

And for SZ, 

rta^s=: — 0*59, 6a^= — 1*62, c«3= + 8*15, (?aj= — 8*32, — 5*79, 

/a<.= —- 4*12, ^a,= + 0*30, 7irty=+0*22; 

therefore 

SZ=[rtaj + 5a^+ . . « • +7ta^]=s — 11*83 ; Z + SZ=1597*91=the reduced Z. 


II. Compidation of the tiventij-four Ganni^lan Constants from values 
observed in or reduced to 1829. 

The numerous applications which we made of these means of reduction, 
not only have added considerably to the number of empirical data for our 
intended research, but they have also increased the intrinsic value of the 
whole stock of such data. Indeed many observed elements which by their 
reduction to the epoch 1829 became applicable to our purpose, related to 
points of extensive regions where all knowledge of magnetic phenomena had 
been hitherto wanting. Such were, for instance, the beautiful series of 
magnetic measurements which English navigators have executed in the 
antarctic and North- American glacial oceans, and also many magnetic 
determinations in the interior of the United States. Therefore the materials 
now collected must amply suffice for our purpose ; but it seemed at first sight 
as if for its attainment two entirely different ways were left to our option. 
Further consideration, however, has convinced us that of these ways or modes 
of operating only the one which we have adopted was admissible ; but this 
consideration, together with the doubt which it settled, merits to be shortly 
explained here. 

According to a first plan of operation, wo had to begin by calculating for 
every newly added magnetic element its excess n over the theoretic value 
assigned to it by the old approximations for the Gaussian constants — then, 
having formed for each of these results (with a ^, . . . for given functions 
of u and A, and every y and /i respectively varying from 1 to 4 

and from 0 to 4, for the corrections of constants) the expression 

to derive from each of these primary equations its corresponding contributions 
to the twenty-four final equations for Ag^’^, . . . A7i^'^; and lastly. 
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having added each of those contributions to the similar one among those 
equations which H. Petersen has stated to represent all the magnetic elements 
measured by Krman in 1829*, we had to solve the so completed expressions 
according to the sought-for corrections, A//* ^ AA*‘^ . . .A^^‘'*. 

On the other hand, instead of such indifferent aggregation of all new 
material to all the old, we had, according to the second method, to- make 
a proper abstract of each of the two classes of data, and then to derive the 
sought-for values of cojistants from equations founded only on those abridged 
materials. 

Put as the most probable determination of the Gaussian constants is 
evidently only obtained by observations at points symmetrically situated all 
over the earth’s surface and being all of equal weight (that is to say, reliable to 
an equal extent), the beforementioned method proved to be doubly imperfect. 
Indeed the material for the said former calculation of II. Petersen consisted in 
6 10 magnetic elements, which corresponded to 650 direct obseiTations executed 
along a line round the earth of 8100 German miles. The three data for the 
magnetic determination of a point, therefore, were to be found all over this 
line at an average distance of 87*4 German miles, or of very nearly 2°*5 of 
the e(|uator, whereas when those points for which magnetic elements had 
now to be added were count(;d in their succession on parallels of latitude or 
on any other lines round the earth, there appeared everywhere a much 
scantier distribution, which on an average did not exceed a sixth or a seventh 
of what it was for the former calculation. On immediate addition of the 
former sums of final equations to the corresponding new sums, the resulting 
new values of Gaussian constants would therefore have been influenced to an 
exceedingly larger extent by the magnetic character of one almost linear 
tract of the earth's surface, than by all its remaining parts. To compensate 
such vicious preponderance, we might, before adding the two sums, have 
multi i)lied each of them by a number inversely proportional to the frequency 
of its elements. But this proceeding supposed, in order to be right, that all 
constituent observations were of equal weight, while in our case we must 
own, on the contrary, that the probable errors of the newly added elements 
surpassed those of the formerly observed ones in a considerable though rather 
indefinite proportion. Indeed by separate comparisons of some of the new 
and of the old observaiions with others of their respective classes, the new 
seemed uj)on the whole in less accordance, j)artly of course in direct con- 
scMpiencc of the manner in which the)" were made, partly because of their 
having b(‘on reducc’d to 1 829 by a method which, for all our care, was but 
an approximation to reality. 

We have avoided these difficulties by choosing the second of the above- 
mentioned modes of operation and by prosecuting it as follows : — 

Out of all stations for which the three rectangular magnetic components, 
as in 1829, had Ix’comc known, either by direct observation or by our 
reductions for secular changes, we selected those which are nearest to ten 
liarallels of latitude bc'tween n=23° and ?f = 165°, and at the same time to 
the one or the other of nine ecpndistant points of every one of these circles. 
Having then concluded out of the results for these stations the 270 elements 
that belong to the t)0 predetermined points, these latter values were ex- 
clusively introduced into the like number of our primary equations, which in 

♦ As publislieil in the Report of the Eighteenth IMeeting of the British Association, held 
in t.S48, tables facing p. 98, under “ hliiai Eciuations for the corrections of the Gaussian 
constants from fill) magnetic elements.” 

1872. c 
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their turn gave the final equations for the most probable twenty-four values 
of Gaussian constants. 

It appears that by so doing we have given to the data of observation, 
first, the requisite symmetrical repartition over the earth, and then, secondly, 
to all its parts the nearest possible equality of weight. Indeed, when selected 
as just said, there followed one another quite casually, on each parallel, 
observations that were instituted in 1829 and those which had been 
reduced to this year, now from the earlier date of their direct validity, 
now from the later one. These data became therefore affected by the still 
remaining defects of reduction to a different extent and in alternate directions, 
just as by those inevitahlo errors of observalion which the usual formation of 
final equations supposes to exist in their numerical material. 

But then, lastly, as to the reduction of elements from the spots of direct 
observation to the neighbouring predetermined points, we have avoided its ])rc- 
judicial infiuenee by always using a merely mechanical interpolation, relating 
to points which in latitude as well as in longitude differed in alternate 
directions from those points to which we were to reduce them. 

The following Table contains, according to the hitherto used notation 
of X=/cost Qos>d, Y=/ cost sin <i, and Z=/sint, those values of 270 magnetic 
elements for 1829 on which our new values of the Gaussian constants have 
exclusively been founded. To these fundamental numbers are added under 
AX, AY, and AZ, their respective excesses on the values which a computa- 
tion with the old assumed constants assigned to them. These latter numbers 
show thus to what extent the hitherto existing theory of terrestrial magnetism 
still wanted correction in different parts of the earth’s surface. 

It is still worth mentioning that, for the determination of our following 
normal values of X, Y, and Z, we have employed out of the vicinity of the 
parallels 


to 

n= 23°, 39 observed elements. 

5? 

w== 30°, 03 


ff 

J5 

u== 40°, 03 

5) 



50°, 42 

?> 



75°, 27 

>> 


J7 

90°, 39 

>> 


JJ 

u = 105°, 30 

>> 



or altogether 303 direct measurements for 7 parallels with 189 normal 
values. 

As for the remaining three parallels, to w = 130°, and w = we 

have directly (though always after reduction to 1 829) assumed the 81 elements 
which General E. Sabine, in his ‘ Keport on Magnetic Observations in the 
Antarctic Ocean,’ assigns to the intersections of those circles with the 
meridians to \=40°r, where- r denotes the integers from 0 to 8. He has of 
course deduced these values from a larger number of observations at neigh- 
bouring points ; and by assuming this number to be 97 or from 32 to 33 for 
each parallel, we finally obtain 400 for the number of direct measui emcnts 
that have been used for the estimation of the following 270 normal values. 






II. Values ofY, or western horizontal compoyients^ and of AY, or their excesses above thdr values according to the former theory. 
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III. Values of Z, or vertical compomnts, and of AZ, or their excesses above their values according to the former theory. 


ON THE GAUSSIAN CONSTANTS FOR THE YEAR 1829. 
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We give now the result of our investigation, viz. the Gaussian constants for 
1829, as resulting from all observations that we have found or made avail- 
able for the purpose, and thereby forming the best theoretical representation 
of terrestrial magnetism which we think can up to the present be effected. The 
probable error that is subjoined to each of these numbers shows to what 
extent it may be relied upon ; but as these valuations are only founded on 
the differences between the values that were assumed for oiir 270 normal 
elements and those which the new constants assign to the same, the mean of 
their amount may perhaps be still altered by the more numerous comparisons 
of directly observed and newly calculated elements that will soon be instituted 
and published. 

The Gaussian constants for 1829, and their probable errors. 


Names. 

Values of the constants, 
in conventional units, 
of the Gaussian theory*. 

Probable 

errors. 


-|- 9 i 6 * 04 i 

±>'79 


-f- 81*144 

2*97 

k}'^ 

— 172*030 

2*32 


+ 3463 

2*04 


— 127*463 

3‘92 

FI 

4- 2060 

o' 

00 

g.: 

+ 3'575 

2*6i 


— 36*167 

1*03 

^30 

- 53*699 

5*41 

^3*1 

4" 85*466 

4*24 


4- 47*069 

4*60 

^3-2 

- 87*942 

7*44 


- 17776 

1*82 

^3*3 

- 3*640 

073 


— 20*744 

0*58 

^4*0 

~ 78-353 

4-83 


— 109*919 

8*63 


- 9*150 

6-97 


— 44*624 

7*44 


+ 3 1 054 

2*95 


+ 1919* 

1*67 


4" 8*627 

1*31 


+ 3-561 

0*54 


+ 3'i73 

4:0*68 


The derivation of the most interesting consequences of these numerical 
results and a complete comparison of observed magnetic elements with both 
their representations by the old and by the newly founded theory being deferred 
for the moment, in the mean time the following shows the effect of our 
performance for those parallels that were especially considered. 


* Each =0*00349412 German unit of absolute intensity 
= 0*0075781 English „ „ „ 




ON THE EXTINCT BIRDS OF THE MASCARENE ISLANDS. 
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Tlie new eleincnts of theory have therefore lessened the probable 
errors 
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Of the Y. 

Of the Z. 
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Berlin, February 20 th, 1872 . 


Second Supplementary Report on the Extinct Birds of the Mascarene 
Islands. By Alfred Newton, M.A., F.R.S, 

The small portion of the p;rant so liberally voted by the Association at the 
Birmiiifi^hani Meeting in 1(S()5, to aid my brother Mr. Edward Newton in his 
researches into the extinct birds of the IMasearene Islands, which remained 
unexpended at the time of my last reporting his progress, has during the last 
year or so been employed by him in a renewed examination of the eaves in 
the island of llodriguez, which had already produced so much of interest. 
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This examination has been conducted, as before, by Mr. George Jenner, lately 
the chief executive officer of the island ; and though I am not in a position to 
give any thing like a detailed account of the results, [ am happy to say that I 
believe they will be found in time to be fully as instructive as those of the 
former examination have been. We are now in possession of several parts 
of the skeleton of PezopJiaps which have hitherto been wanting, and of more 
perfect specimens of some of those bones which we before obtained. We 
have also additional remains of the large Psittacine bird, described from a 
single fragmentary maxilla by Prof. Alphonse Milne-Edwards as Pslttacus (?) 
roderlcanm ; and this, I hope, will enable that accomplished paheontologist 
to determine more particularly the affinities of the species, which have 
hitherto been doubtful ; and I may add that thus some further light may be 
thrown upon the position of the P, rnauritlaniis of Prof. Owen. In the course 
of last year my brother had the pleasure of receiving from Mr. Jenner ])roof 
of the continued existence of one of the species (h'seribed by Leguat as in- 
habiting Rodriguez, but thought to have become extinct. This proof con- 
sisted of a specimen procured in spirit of an undescribed and very distinct 
Palceornis, which I have since described (Ibis, 1(S72, p. 33) as P. e.rsiiL 
Among the bones sent by Mr. Jenner arc, I believe, some which belonged to 
this bird. Rut more remarkable and interesting still are some remains which 
are obviously those of a Rallinc bird, unquestionably allied to Ocjfdroniis ; 
and these M. Alphonse Milne-Edwards informs me he is inclined to refer to 
the “ Gelinotte’^ mentioned by Leguat, the nature of which has hitherto ])een 
only open to guess. There are also bones of other species of ]>irds, perhaj)s 
only inferior to this in interest. Most of these specimens liave been intnist(Ml 
to the care of M. Alphonse Milne-Edwards; for my brother and I believe 
that the distinguished author of the ‘Oiseaux Fossiles do la France’ has 
established a claim upon the assistance of all who are int(T(‘sted in extinct 
ornithology by that admirable work of his ; and I learn from him that he will 
shortly make public the results of these recent discoveries. 


Report of the Committee for Superintending the MonthJt/ Reports of 
the Propress of Chemistrfj, consisting of Professor A. W. William- 
son, F.R.S.j Professor Frankland, F.R.S., and Professor Roscoe, 
F.R.S. 

During the current year the Chemical Society has continued the publication 
of the monthly reports of the progress of (’h(‘mistry, which had been ( om- 
inonced last year with the aid of the British Association. I'he labour of 
preparing these Reports is considerable ; and it is due to the chemists who 
perform that arduous duty to acknowledge the great caia^ which is bestowed 
upon it by them for a remuneration scarcely more than nominal. 

It has been found necessary, in view of the very great number of chemical 
papers, to render the reports very brief, so as to convey a knowledge of the 
general results of each paper without giving the details of evid(*ncc. 

The Members of the Committee have had the pleasure of noticing that the 
reports are considerably valued by English chemists ; and there is reason to 
believe that the anticipations which were formed of their usefulness in pro- 
moting the advancement of chemistry will be fully realized. 
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Report on the best means of providing for a Uniformity of Weights and 
MeasureSy with reference to the Interests of Sciencey by a Com-- 
mittee consisting 0/ Sir John Bowring, F.R.S., The Bight lion. 
Sir Stafford 11. Nortucote, M.P., The Bight Hon. Sir 

C. 13. Adderley, M,P., Samuel Brown, F.S.S,y Ur. Farr, F,R,S,, 
Frank F. Fellowes, Professor Frankland, F.R.S., James Hey- 
wooD, F.R,S., Professor Leone Levi,F./Si.^., F.S.S., C. W. Siemens, 
F.R,S,, Professor A. W. Williamson, FJi.S., Dr. (jeorge Glover, 
Sir Joseph Whitworth, Bart., F.R.S., J. R. Napier, J. V. N. 
13azalgette, and Sir W. Fairbairn, Burt., F.R.S. 

Tiik ^retri(; Conimittoc of the Hritish Association have much pleasure in 
r(‘porting that aiioUier gr(‘at stride; lias made towards the attainment 
of imiformify in tlui Weights, Measures, and Coins of all countries l>y the 
passing of a law in Austria, in J uin; 1 ‘^71 , rendering the use of l^letric Weights 
and Measures permissive from tin; Isl of January, 1<'^7J3, and com j misery from 
the 1st of January, l?S7t). The Metric System is gradually diffusing itself all 
over Europe. At this moment fully two thirds of that Continent, measured by 
jiopulation, liave adopted the Medric System of Weights and Measures, and 
the olh(T third has manifested sutfich'ut interest in the question to justify the 
expectation of its early adh(‘siou to tin* general agreement: but in tliis third 
there arc' com]u ised Russia and England, two countries which, by their popu- 
lation and commerce, exercise an emormous intUiencc in the whole* world. 

The state of the cpicvstion in Russia appc*ars to be as follows: — In iSoO a 
(V)innntt(‘e of tlie Imperial Academy of Russia, consisting of the Academicians 
Ostrogradski, Jacobi, and Kuptfer, issued a report on tlie subj(‘ct, which 
approved of tin* di*(‘imal diNision already incorporated in the Russian System, 
tin; roubb' b<*ing divided into kopecks, tin* vedro into IG krouchki, and 
tin* inch into 10 lines, and ('xpr('ss<*d an opinion in favour of extending such 
d(‘einial disisions to Weights and M<*a<ur<*s. In discussing, however, the 
])ossibility of even this moderate reform, tin* Acad(‘iniciaiis saw that a V(‘ry 
eonsiderabh* chang(* would be n*«juiri*d. Su])posing the foot were retained 
as a unit, how ('ould it be decimali/cd 'Nvithout abandoning altogether such 
divisions as the archine, which is 1?}, and the sageiie, which is 7 h*et ? Yet 
th(*se ar<‘ really more in use than tin* Ibid its(*lf. And what multiples could 
he adopted? Tin* foot of Russia, whieh is identical with that of England, 
is too small to measure eh)th by, and IG feet would be too large a unit. 
With such ditiiculties attending tlie deeimali/.ation of the existing Weights 
ami Measures, the Academieiaus felt that it wmdd ho far hotter for Russia 
at oueo to introduce tlie Metric System ; and this was the conclusion of 
their reeommemlalions. Since the publication of this Report, the Imperial 
Academy of Russia has taken an active part in the advance of the system all 
ov(‘r the world. In lsr»7 M. Jacobi was a ember of the Intermitional 
CJoinmitlee on Widghts, Measures, ami Foius in connexion with the Paris 
lutermilional Exhibition, and wrote the report, ^^hieh was agreed to by 
the re)>res(*ntatives of all the nations who took part in the C^inferencc on 
the subject. And later still, in ls7tl, on the representation of the Imperial 
Academy of Russia to tin* Freucli tJovernment and to the seientitie bodies of 
other nalioiis of the need of pre])aring more accurate and uniform Metric 
Standards for ihe use of eoiinlries Nvhieh might adopt the Metric System, an 
International (\)mmission was ajipointed to prepari; such Standards. This 
Commission met in Paris in Juno 1870, and is about to resume its labours 
1872. I) 



26 


REPORT 1872. 


in September next. These steps on the part of the Imperial Academy of 
Bussia have not been followed by legislative action ; yet, when we consider 
the just influence which the Academy exercises in a subject of this nature, 
it is reasonable to anticipate that their recommendations will bo duly heeded, 
and that as soon as the Standards are completed the lliissian Government 
wiU take into consideration the necessary steps for introducing the Metric 
System, whereby the Weights and Measures of llussia may be rendered iden- 
tical with those of the greater number of European nations. 

In the United Kingdom considerable progress has been made towards tlie 
introduction of the Metric System, though much certainly rcnnains to be 
done. In 1 8(52 a Committee of the House of Commons was appointed to 
consider the ])racticability of ado[)ting a simple and uniform system of 
Weights and Measures, with a view not only to tlie benefit of our internal 
trade, but to facilitate our trade and intercourse with foreign countries. In 
discussing the question of the possible decimali;iation of tin.' existing system, 
the Committee of the Jiritisli House of Commons, in the same manner as the 
Committee of the Imperial Academy of llussia, ivported that it would involve 
almost as much difficulty to create a special decimal systmn of our own as 
simply to adopt the Metric Decimal System in common with other nations; 
and under these circumstances tlie Committee came to a unanimous recom- 
mendation in favour of the introduction of the Metric System. 

Accordingly in 18()4 an Act was passed to rendc'r permissive the use of 
such Weights and Measures so far as to legalize contracts made in terms of 
Metric Weights and Pleasures, which were lieretofore prohibit (m 1 ; but no pro- 
vision having been made for obtaining correct Standards vlu'rehy to veiify 
the same, the use of the System in sliojis was not thereby permittcal. A 
Boyal Commission has, however, imjuired into the (piestion on tlie ^letric 
Weights and Measures of the United Kingdom; and after cousideralde in- 
quiry it issued a report recommending The jireparation of sueli Standards 
and the removal of every difficulty which may yet exist in the way of the 
permissive use of Metric Weights and Measurccs. We may therefore liojie 
that Her Majesty’s Government will speedily bring forward a measure for 
carrying the recomniendatioii of the Commissioners into etfeet. 

The appended map of Europe (Elate I.) sliows how extensively the ]\Ietric 
System is already used. If once llussia and England should finally place t heir 
legislation on the same footing, other States will certainly follow, and in Eui ope, 
at least, we shall have attaint'd perfect unity as regards Weights and Measures. 
But in other jiarts of the world also considerable progress has been inadtc In 
Asia the whole of India may be said to liave adopted tlie Weights and Mea- 
sures of capacity of the ^ilctric System, though some time may elapse before 
the Act passed by the Indian Government can be carried into operation. In 
America the United States have introduced it permissively, whilst Brazil, (;hili, 
Mexico, New Granada, and other American republics have adopted the Metric 
System absolutely. Throughout the world as many as 21B,00(),()0() of ])eople 
have adopted it absolutely, 1(>0,0()(),0()0 more partially, and 7(J,000,000 per- 
missively, giving a total of 443,000,000. 

Nor has there been less done as regards the coinage. If wo compare the 
coins now in use all over the world with those in use some twenty years ago, 
it will be seen what advance we have already made everywhere towards unity. 
Some countries, such as Prance, Italy, Switzerland, Belgium, Greece, and 
llonmania, have already an identical system of coinage secured to tlumi by 
the Coinage Convention of the 23rd of December, 13(55. The Austro-Hun- 
garian Empire issues gold pieces marked 20 florins and 8 florins, equal to 
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25 francs and 1 0 francs respectively. Spain issues gold pieces of 25 pecetas, 
equal to the 25-franc pieces ; and Sweden the Caroline, equal to 10 francs. 

The Committee much regret that the German Empire, which had recently 
a most favourable opportunity for extending the desired uniformity (an object 
to which she has shown her adherence by the recent adoption of the Metric 
System), has issued a new gold coinage having nothing in common either 
with the money of the Convention of Erance, Switzerland, Italy, Belgium, or 
with the monetary systems of England or the United States. It is much to 
bo desired that we should clearly understand the points on which a common 
accord exists in matters of international coinage. There is a general agree- 
ment on the advantage of a complete decimal system, on the adoption of the 
fineness at nine teiitlis fine and one tenth alloj^ ; and the greatest number 
of States agree also on the adoption of gold as the only standard of value. 
Between the three leading systems of the world, founded respectively on the 
Eranc, the Dollar, and the Bound Sterling, a i)oint of contact has been found 
in the 5-franc piece and its multiiiles, the 5, 10, 20, and 25-franc pieces ; and 
considerable agreenn-nt has already been obtained in this method of approach- 
ing the (juestion. Your ('omniitteci would look forward to a much greater 
identity of coinage being ultimately realized than would be obtained by this 
method ; but it shoidd be remembered that even the universal acceptance of 
this plan would immensely simplify the relations of coinage between the 
different nations, and of necessity lead to a more identical system. 

During last, year your Committee have had communications with the Indian 
Government on the ijue.stion of introducing the ;^^ctric System of Weights and 
Mcjasurcs in India, the original Act by which all the Weights and Measures 
of the System were introduced having been vetoed by the Homo Government, 
and another, limited to Weights and Measures of capacity, having been ]>asscd 
in its stead. In Kngland the action of the Committee has been most influ- 
ential, es])('cially in connexion with education. It was at the instance of this 
Committee that the Committee of Her Majesty's Privy Council on Education 
have inserted in the C(jde a clause requiring that instruction on the Metric 
Weights and ^Measures shall he given in the Elementary Schools in the King- 
dom. And ill order to stimulate education on the subject, to explain the 
general character of the ^Metric System and its relation to the Imperial, and 
to indicate the advantages which would result from an International Sj’stem 
of Weights and Measures, your Committee have granted to the British and 
Eoreign Schools, the National Schools, the Wesleyan Schools, and the Con- 
gregalional Schools in England, as well as to the National Schools in Ireland, 
co])ies of Books and Diagrams on the Metric System, which have been grate- 
fully received. The Committcii wore anxious to purchase a set, of Metric 
Stand.'irds, as stated in their last Beport, for the purpose of illustrating 
lectures and papers on the subject; but they found that wliile their cost would 
have absorbed ncfirly the whole vote, it would have been impossible to lend 
out such standards without endangering their presiTvation. 

In January IS72 a ]mblic meeting was held at the Mansion House, under 
the presidency of Sir John Bennett, Sheriff of London, when resolutions were 
passed in favour of the early introduction of the ^fctric System of Weights 
and Measures and the Decimal Division generally. At this rrecting Sir John 
Lubbock, E.R.S., General Strachoy, of the India House, the Bev. William 
Jowii-t, Dr. Earr, E.Il.S., the Hon. N. G. Northopo, Superintendent of Public 
Instruction in the United States, the Hon. lilr. Byan, of the Canadian Senate, 
and other persons of distinction took part. 

The unification of the Weights, Measures, and Coins all over the world is 

D 2 
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fraught with immctiso benefit to science, commerce, and civilization, and philo- 
sophical and scientific bodies of all nations have given their adhesion to it ; the 
commercial classes look to such unification as an essential clement in the eco- 
nomy of time and the performance of international works, and travellers all over 
the world regard it as the greatest boon that could be conferred. Towards 
the attainment of this important object, the Metric Committee of the British 
Association for the Advancement of Hcience have exercised an important in- 
fluence ; and they trust that if they are allowed to continue their action ibr a 
few years longer, tliey will be able to report the recognition all over the world 
of the principle for the promotion of which they were a])pointed. 

In conclusion, your Committee recommend their reappointment. 


Eighth Report of the Committee for Exploring KeiiVs Cavern^ Devon- 
shirey the Committee consisting of Sir Charles IjYell, Bart,, 
F.R.S.y Professor Phillips, F.R.S.y Sir John Lubbock, Bnrt., 
F.R.S., John Evans, F.R.S.y Edward Vivian, M.A., George 
Busk, F.R.S., William Boyd Dawkins, F.R.S.y William Avsii- 
FORD Sanford, F.G,S,y and William Pengelly, F.R.S. {Reporter). 

In commencing this, their Eighth lleport, the Committee have to state that 
since their last lieport was sent in (Iklinburgh, 1871) the excavations have 
been carried on by the same workmen, without int(UTiiption, and in all 
respects in the same manner as in former years. 

The visitoi’s to the Cavern have continued to be very nunn^rous. Amongst 
those ac.companicd by the Superintendents, the following may be mentioned: — 
The Emperor Napoleon III., the Prince IMurat, the Prince and Princess of 
Oldenberg, Sir W. Jardine, Bart., Sir W. Topham, Bev. ^1. Brown, Ilev. G. 
Buckle, Rev. Afr. Drewe, Rev. Dr. ^MacGregor, Ilev. F. A. Saville, Rev. W. 
Thompson, Rev. H. 11. Winwood, A. D. W. R. Jh Cochrane, M.P.,W. 11. Smith, 
M.P., General Freeze, C.B., R.A., Colonel Naylor, Colonel W. Pinney, Captain 
S. P. Oliver, R.A., Professor F. Roemer, of Breslau, Professor A. NewTon, 
Dr. Bond, Dr. llounsell. Dr. Schmidt, of Essen, Rlienish Prussia, and Messrs. 
Bosanquet, II. H. Bothamley, W. R. A. Boyle, — Cluqdin, B. J. M. Donne, 
W. Fenner, R. Gwatkin, J. Holdsworth, J. 11. Pai'sons, E. C. Robson, 
— Stewart, J. Stilwell, G. C. Swaync, K. B. Tawney, B. Tower, — Waldegra vc, 
W. Vicary, I. AVhitwell, and A. W. Wills. The Cavern has also beam visited 
b}^ the Exeter Naturalists’ Club, and by a large party of ^lemb(!rs of the 
British Medical Association, at the close of the Annual Meeting at Plymouth 
in August 1871, including Rev. Professor llaughton, Professor Lister, Dr. 
Crossby, of Nice, Dr. A. Godson, Dr. Lang, Dr. Macnamara, Dr. Murphy, 
Dr. W. Roberts, and Mr. Wilde. 

Visitors of a much less welcome character liave also been numerous during 
the year. In February last the workmen somewhat frequently observed 
several large rats running about the Cavern, but for some lime failed in all 
their efforts to capture them. One morning one of the men, on commencing 
his work, wrapped his dinner-bag in the coat he had just taken off, and put 
the w^holc carefully aside. At dinner-time the coat was found to be eaten 
through, and the bag with its contents was gone. A fi^w days after, the other 
man, having taken his dinner, placed his bag, containing a piece of bread, in a 
basket, and fastened the cover. On leaving work, he found a hole had been 
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eaten through the basket, the bag was torn into the merest shreds, and the bread 
was gone. Thus stimulated, the men baited their traps with great care, and 
had the pleasure of catching seven or eight rats. No furtlier annoyance was 
experienced until July, when a large rat was seen to enter the Cavern about 
midday. ^J'ho i)oor wretch was found dead in the trap in a day or two. 

During the last twelve months the Committee have explored the branches 
of the “ Western Division ” of the Cavern known as “ The Wolfs Cave,^’ 
“ The Cave of Dodentia,” and “ The Charcoal Cave,” and have commenced 
“ The Long Arcade.” 

The Wolfs Cave . — That branch of the Cavern which extends in a northerly 
direction from “The Sloping Chamber” was, by Mr. MacKnery, termed “The 
Wolfs Cave,” and occasionally “The Idol Cave”*. It received the latter 
name from “ a column of sj)ar ” wdiich, “ near its entrance, joined the coiling 
and floor and obstructed the way,” and “ had a singular resemblance to a 
Hindoo Idol ”t ; and the former, because, on the removal of this “ column,” it 
was found to have “ covered the head of a w^olf, perhaps the largest and 
finest skull, whether fossil or modern, of that animal in tlie world ”4:. 

Mr. ]\IacKnery seems to have been eminently successful in collecting speci- 
mens in this brancli of the Cavern ; for he states that “ of the quantity and 
condition of the remains here it is scarcely i)ossiblc to give a just idea with- 
out appearing to exaggerate. Th(‘y wcu’c so thickly packed together that, 
to avoid injuring them, we were oblig(‘d to lay aside Ww picks and to grub 
them out with our fingers. They were found driven into the interstices of 
the o])posife ’wall, or piled in the greatest confusion against its sides, with but 
a scanty covering of soil, and that of tlie finest and softest- sand intermixed 
with greasy earth. To enumerate tlie amount of fossils collect i‘d from this 
spot would be to give the inventory of lialf my collection, comprising all the 
geiK^ra and their s])i‘ci('s, including the calfriflens. There W’ere hoards.” 
ll(sre, too, he ajipears to have found all the remains of Maclialrodas latileiis 
(known then as Crsas ealtridms) the Cavern yielded him, wliich he states 
were five canines and one incisor §. 

When conqiletely excavated to the de])th of 4 feet below the base of the 
8talagmiti(; Floor, this Cave was found to extend nearly 70 feet in a north- 
westerly direction, and at its entrance, or junction with the Sloping Chamber, 
to be about 40 feet wide. At yards inside the entrance it narrows to about 
20 feet, at 7 yards to 10 feet, and beyond this its general width is from 7 to 
8 feet II . Its present height is about 7 feet throughout; but before the com- 
mencement of ^Ir. 3iIacKncry’s diggings, the space between the Limestone Hoof 
and the Stalagmitic Floor could nowhere have exceeded 2 feet, even if the latter 
had been entirely free from rubbish. Indeed he states that when th(!y first 
entered this branch, he and his companions “ crawled like tortoises 

At tlie entrance tluj Roof is commonly fretted as if by the action of acidu- 
lated water ; but here and there, and especially on the eastern side, its com- 
paratively fresh and smooth aspect indicates wdiat may be termed the recent 
fall of masses of limestone from it, — an indication confirmed by the presence 
of such masses, some of them of great dimensions, immediately below. At 
intervals throughout the entire length of the Cave transverse lines of frac- 
ture, or divisional planes, appear in the Roof : some of them are close-fitting, 

♦ ITc also spoke of it sonioiimos as “ The Wolfs Passngo and “ Tho Wolfs Grave.” 
t Woo Tr. Devon. Assoc, vol. iii. pp. 24.*!, 2*.).a(l80U). { lb. p. 248. § Ib. pp. 870. 

II Tbc breadtli is always measured at tho level of the surface of tho Cave-eartli. In this 
Cavo it was invariably narrower at tho bottom of tho excavation. 

^ Woo Trans. Devon. Assoc, vol. iii. )). 202. 
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but occasionally they have been corroded or fretted into cavities of rudely 
elliptical outline, from a foot to 2 feet in height. The largest of them 
measures 5 feet long and something less than 1 foot wide ; its walls are 
much fretted, and numerous pipe-like stalactites depend from its roof. Some 
of the holes are completely lined with stalactite, w^hilst others are quite bare. 
There are no traces of Cave-caith in any of them. 

The north-eastern wall of the Cave, from the entrance to nearly 30 fcetwitliin 
it, is a confused mass of large fallen blocks of limestone. With this excep- 
tion, the walls, as in the other branches of the Cavern, consist of beds of 
limestone in situ. They are not much fretted, their edges are all more or 
less angular, and they are here and there traversed by fissures corresponding 
with the lines of fracture in the Roof. 

From the considerable remnants left undisturbed by Mr. ^facEiiery, there 
was, no doubt, a continuous “ Granular Stalagmitie I'loor ’’ from end to end. 
It seems to have varied from 3 to 12 inches in thickness, and to have possessed 
the granular and laminated structure characteristic of the Floor covering the 
“ Cave-earth.’’ In a large area at the south-eastern angle of the Cave the 
Floor had been left untouched, and was found to be in some cases fully 2 feet 
thick. Like that in a great part of the adjacent Sloping Chamber, of which 
it is a prolongation, it contained numerous large masses of limestone and of 
the “ Old Crystalline Stalagmitie Floor ” so frecpiently mentioned in former 
Reports. 

Similar masses, of both kinds, WTre abundant in the Cave-earth below the 
Floor ill the area just mentioned ; and in some instances the blocks of lime- 
stone lay across one another with but little deposit between them, as if they 
had fallen after the accumulation of Cave-earth had ceased. In t\ few in- 
stances the cavities or interspaces were not covered with the Stalagmite, 
and some of them contained a few recent bones and other objects. 

Omitting this south-eastern area, Mr. MacKnery extended his researches 
quite to the innermost point of the Cave, and, with few exceptions, up to 
13 feet from the entrance, had broken up and searched the (‘lit ire d(‘posit to 
a depth exceeding the Committee’s four-ieet sections. Within the point just 
specified, he contented himself with cutting a comparatively narrow trench, 
leaving the ground quite intact adjacent to, and a tew feet from, the south- 
western wall, but, as before, carrying his excavations to a depth exceeding 4 
feet. At 24 feet from the entrance, however, he dug to no grc'ator (hqith than 
2 feet, and very rarely exceeded this in the inner jiart of th(^ Cave, — thus leaving 
the Committee’s third and fourth foot-levels everywhere iiitaci, besides the holt 
adjacent to the south-western wall, of which, as aln'ady mentioned, no portion 
was touched. This margin, it may bo xircsumed, was left intac-t in cons(*(pience 
of all the excavated material being lodged on it. No portion of the latter 
appears to have been taken out of the Cave, 

The deposit the Committee found in the Wolfs Cave, whether disturbed or 
undisturbed, was well-marked typical Cave-earth, consisting of red loam with 
about 50 per cent, of angular fragments of limestone. There were no traces 
of the older deposit termed Rreccia” in ])rcvioiis Reports, either in situ or 
redeposited, and, excepting the area in the soutli-eastern corner, already 
mentioned, no fragments of the Old Crystalline Stalagmilic Floor. 

In proceeding to the objects found in the Wolf’s Cave, it is obvious that 
nothing can bo said about such as may have been on or in the Stalagmitie 
Floor ; they, if such there were, had no doubt been secured by the earlier 
explorers. 

it has already been stated that there were occasional interspaces among 
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the blocks of limestone lying confusedly in the south-eastern portion of the 
Cave. In some of these, all of them being scaled up with Stalagmite, shells 
of the common Pecten {Pecten niff.vhnits, Tinn.) were found, amounting to a 
total of twenty-fivo. ^lost of them were large shells, and some were thickly 
incrusted with calcareous matter containing, in one or two cases, traces of 
charred wood. In one instance two, and in another five, shells were found 
fitted neatly into one another, and cemented together with carbonate of lime, 
thus leaving no doubt that man had not only packed Ihcm, but placed them 
where they wore found. Th(* fact that some of them were “ dead shells,” 
having ScrpuUe attached to tludr inner surfaces, indicates, of course, that they 
wore not. in all enses taken to the Cavern because they contained an article of 
food, but j)rol)al)ly sonudimes, at least, as domestic vessels. 

The undistuihed Cave-earth in this branch of the Cavern yielded a con- 
sidcrabh^ nuinb('r of the nnnains of tln‘ ordinary Cave-mammals, including 
nearly sixty sludls, which may bo distribut(‘d as in tin* following Table : — 

Tauli: r. — Showing how many p<‘r c(mt. of the T(‘cth found in Cave-earth 
in the Wolfs (’avo htdonged to the ditfbrent kinds of Mammals. 

Hyama 44*/) per cent. ‘ Klephant 2’^) per cent. 

Horse 1^) „ I l.ion 1 ,, 

Pihinoceros lo „ | Wolf I „ 

Mi‘ga(M‘ros .4 „ Ox I „ 

Ik'ar 4 „ i Pahhii ‘i) „ 

Doer 2-5 „ ; Fox only 1 tooth. 

U will ho nanemlu'red that the (^ive-earth is excavated in vertical slices 
or “ Parallels” ext(‘nding gcauTully from wall to wall of tin* branch of the 
Cavern under explorat i(»n, to a d(‘j)lh of 4 feet and a horizontal thickness of 
I foot ; that each Paralhd is tak(‘n out in 4 .snceessi\(‘ “ Levels,*’ each a foot 
in v(*rtieal (le[)th; and ('aeh Le\el in “Yards,” or masses 4 feet in length. 

From what has ])een alieady stat(*(l, it is obvious that in the Wolfs Cave 
there wen^ no continuous tirst or second Foot-lcvcls intact, and that even the 
third and fourth were not (‘veiAwInu’e met \sith. ( onfining attention to the 
tw('nty-one instances of each of tin* two latter which did occur in the same 
Parallels, the following Table will show the distribution of the teeth of the 
vaiious kinds of Mammals in them : — 


Tviu.k it.- Show'ing tin* distribution of the Ti'eth of the different kinds of 
Mammals in tin' third and fourth Foot-levels of twenty-one Parallels of 
(^ivo-earth in tin* Wolfs (live. 




82 


REPORT 1872. 


The following examples will servo to explain Table II. : — ^Teeth of hymna 
occurred in the third Eoot-levcl in 16 distinct Parallels, and in the same 
number in the fourth ; but as they were met wdth in a total number of 16 
Parallels only, it is obvious that in 13 instances (=16 + 16 — 19) they 
occurred in both levels in the same Parallel. 

Again, as the Table comprehends 21 Parallels, and teeth of hymna were 
found in 19 only, it follows that there w'ore 2 Parallels (=21 — 19) in which 
no teeth of this genus presented themselves. 

Further, a total of 131 tooth of hyaena were exhumed in the 19 Parallels, 
and of these 63 were in the third Foot-level, and 68 in the fourth or lowest ; 
hence the different Levels were almost equally rich, and on the average 
several teeth occurred in one and the same Level and Parallel. 

To take another example : — Teeth of bear were found in the ihird 
Foot-level in 4 Parallels,, and in the fourtli Foot-level in 2 ; but as lh(‘y 
occurred in a total number of (> Paralhds, it is obvious that in no in- 
stance were they met with in both Ijevels in one and the same Parallel 
(44-2-6=0). 

Again, as the Table comprehends 21 l*arallels, and teeth of bear were 
found in 6 only, it follows that there were lo Parallels (21—6 = 15) in which 
no teeth of this genus presented themselves. 

Further, a total of 6 teeth of bear were (‘xhnmed in tin' 6 Parallels, and of 
these 4 were in the third Level and 2 in the fourth or lowi'st ; hene(‘ tlu^ 
third was the richest Level, if the slcmhT evidence may be trusted ; and th<* 
teeth occurred singly, no more than one having in any instance ])een found 
in the same Parallel. 

It is perhaps noteworthy that wdiilst teeth of rabbit and fox occurred in 
the Wolfs Cave, as is shown in Table L, they did not, according to Table II., 
present themselves in either the third or fourth Level. 

As in previous years, the Committee have removed and examined tlu^ 
deposits dug up and thrown asides ])y Mr. MacFiuiry. In the Wolfs Cave, 
as elsewhere, this material yielded a large numbc'r of the remains of the 
ordinary Cave-mammals, including about 350 teetli, wliich may be thus 
apportioned : — 


Table III. — Showing how many per cent, of the Teeth found in the disturbed 
material in the Wolfs Cave ])elonged to the ditferent kinds of Mammals. 


Hymna. . . 
Horse ... 
Ehinoceros 
Megaccros 
Sheep . . . 


36 

33-5 

19 

3 

2 


I)er cent. 

5 > 


Bear 

Doer 

Badger . . . . 

Ox 

Lion 


1*5 per cent. 

1-5 „ 

1 *5 ,, 

less than J jxu* cent. 


Though it would be utterly useless to compare Tables 1. and 111., since 
the latter includes teeth not only from all Levels, l)ut possibly such as wore 
lying on the 8talagmitic Floor, as well, perhaps, as more recent introductions, 
it is not without interest to observe that even amongst the rejected or neglecdecl 
specimens, as the case may be, as well as in the undi8tur])cd Cave-earth in 
every branch of the Cavern, the most prevalent forms are hyocna, hors(*, and 
rhinoceros, and that their relative prevalence is indicated by the order in 
which they have been named. 

The hones and teeth present much the same characters as those found in 
previous years. Thus, many of the latter are in jaws or fragments of jaws, 
destitute, as usual, of their condyles, and, in most cases, of the lower borders 
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also. Most of the speeimcns have an almost white colour, but some are of a 
dark hue ; some are more or less coated with stalagmite, some are broken, 
some split, and very few have escaped the teeth of the hyaena. Amongst the 
finer and more remarkable specimens may be mentioned jaws of hytena, 
canines of lion and hear, a left lower molar of Elephas primnjerims^ part of 
left lower jaw of rhinoceros, and a portion of a palate and both upper jaws of 
mogaceros. 

(hie of the canines of bear (No. 5587) is so peculiarly worn or cut, both 
on the crown and on the fang, and especially the latter, as to suggest the 
probability of human agency. On account of its strange aspect it was for- 
warded to ^fr. G. Ihisk, l*resident of the Royal College of Surgeons, F.R.S., 
Y.P.L.S., &(•., a member of the Committee, who thus remarks on it “ The 
bear’s canine (5587) is certainly v(‘ry curiously worn if it be naturally so. 
The wearing of the crown part is possible enough, jxThaps ; but I cannot 
account for the ap})arently worn portion of the fang, which, of course, during 
life must have been protected from Wear. Ihit what could be the object 
of such an implement if it were manufactured ? Perhaps a kind of gouge 
or ehis('l.’’ — (Signed) Gkoroe Rusk. 

The mammoth’s grinder (No. 5575) is almost perfect. Its crown measures 
0 inches in length and 2-5 inches in greatest breadth. It was found Sep- 
tember 18, 1S71, in the third Fuot-l(.‘Vt‘l, with 22 teeth of hyaaia in ])arts of 
5 jaws, 2 of rhinoceros, 1 of bear, V’ith several larg(^ bones and fragments of 
bone. The bear’s tooth just mentioned was a canine worn almost to the 
fang, which nu^asures 1*7 inch in width. 

Th(‘ rhinoceros jaw (No. 5552), Avhich has lost its condyles, but notits 
lower border, e.ontains 4 cons(‘(aitiv(‘ molars, and is quite the finest specimen 
of tlio kind met with by the (V)mmitt(‘e. It W!is found Se])tember 2, 1^<71, 
in the third Level, with a tooth of Ix'ar, bones, and fragments of bone. 

Tlu' jaws and palate' of nu'gaetTos (No. 5()4t>) contain ti consecutive molars 
on the h'ft sid(’, and 5 on the right. This specimen was found October 10, 
1871, in the third Lc'vel, -with 1 tooth of rhinoeero'^, 1 of megaceros, 5 of 
horse, (5 of hymea in ])arts of 2 jaws, hones, and splinters of hone. 

Though ^Ir. MaeKnery was not so fortunate as to find any Hint implements 
in the Wolfs Cave, the Committee met with 5 ; and 4 of them arc amongst 
the best specimens tin' (’avern has yiehh'd. 

No. 55t)8 is a white lanceolate implenn'ut, 2*8 inches loi^g, *85 inch broad, 
and *2 inch thick. It has a strong subcentral longitudinal ridge on one 
surface', is sliglUly concavi' longitudinally and convex transversely on the 
other, redue(‘d to an edge on both margins, roundi'd and rather blunt at one 
end, abruptly truncated at the other, and has api)arently seen some service. 
It was found Se})t('ml)er 2, 1871, in the fourth Level, with 1 tooth of bear, 

1 of rhinoceros, 8 of hyiena, 8 of horse, and 1 of ox. 

No. 5571 is a pale grey Hint im])lement of delicate proportions. It is 8*7 
inches long, 4)5 inch in greah'st breadth, and *l inch in greatest thickness. 
It is longitudinally and transversely convex on one side, somewhat strongly 
concave lengthways, but slightly convex in the direction of its breadth on 
the other, has a long narrow oval form, three ridge s on its (‘onvex side, a thin 
edge all round its perimeter (‘xcept at one end which is rather blunt, and docs 
not appear to have been used. It was found S(‘[»teinber t), 1871, in the third 
Level, with 4 teeth of hyiena, 1 of rhinoceros, I of horse, 1 of ox, and frag- 
ments of bone scored with teeth -marks. 

No. 5502 is a chert implement, rudely quadrilateral in form, 2*5 inches 
long, 2*2 inches broad, •(> inch thick, and has ai)parently been used. It was 
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found September 20, 1871, in tbe first Level, with 2 teeth of horse and 1 of 
rhinoceros. 

Ko. 5602 is a strongly proportioned chert lanceolate implement, 3*0 inches 
long, I’l inch broad, and *4 inch thick. It is concave on one face, very 
strongly carinated on the other, truncated at one end, pointed but blunt at 
the other, and worked to an edge along its two margins. It was found Sep- 
tember 22, 1871, in the fourth JiCvol, with 4 teeth of hytena, 2 of horse, and 
several fragments of bone. 

No. 5656 is a somewhat irregular ovate chert tool, unc(iually convex on its 
two faces, 4*2 inches long, 3*3 inches in greatest breadth, and *85 inch in 
greatest thickness. It has been wrought to an edge around its entires cir- 
cumference, but not elaborately rinished ; at one small part near its broader 
end a portion of the original surface of tbe nodule fi’om which it was formed 
remains, and it has apparently been much used. It was found October 13, 
1871, in the third Level, but w'ithoiit any' Ijones or tooth in tin* sann; Yard. 
Three implemeuts of the same type have been mentioned in previous 
lleports 

The Cave of llodentla , — Prom the north-eastern eoriu'rof the Wolf’s Cave, 
a passage, scarcely 5 feet long, about 5*5 high, and where iiarrowc'st not more 
than 5 feet wude, leads into a <*ham])er nu'asuring about 25 feet from east to 
west, and 20 from north to south. It W'as termed tbe “ Cav(‘ of liodcmtia " by 
Mr. MacEncry% who thus describes his researches in it: — ‘‘ We iioav found our- 
selves in the midst of hundnuls of Hodentia. Of their remains and dust the 
deposit was constituted, agglutinated together by calcareous matter into a bony 
breccia. It should have hcou premised that the stalagmite above them w'as 
about a foot and a half dee]), regularly laminated and free from all adventi- 


tious matter It suffered no disturhanco or intcn‘U[)tion from its first 

commencement The remains of Rodentia w^ere wanting in no j)art of 


the Cavern that we had y*et examined, .... hut here, iii tliivs grotto, th(‘y 
swarmed in countless multitudes. Not only had tluar tiny remains ])enetra- 
ted into every cleft and crevice of the rock, hut tli(‘y insinuated themselves 
even into the chambers of the large hones. The wolfs skull, iu the passage, 
had its cavities charged and its surface iiicrusted over witli a conertitiou of 

their hones It w^as an interesting spectacle to heln)Id myriads of 

minute animal remains congregated by the side of elepliants, rliinoec; roses, 
and hymnas in a common sepulchre. Heads generally crushed ; lowxu* 
jaws preserved. Wlien a handful of this dust was tlirown into w'atcr, 
hundreds of teeth rose to the surface, and it w as by this means they were 
collected ” f. 

It will be seen from the foregoing quotation that hero, loo, the Committee 
were following Mr. ^lacKncry’s sleps. His labours, Iiowtvit, wau'e on a 
less extended scale than in the Wolfs Cave. In tin; narnnv trench to 
which ho restricted himself, and wdiicli was not continuous, his ex(;avatious 
never extended more than 2 feet, and frecjuenlly not more than 18 inches, 
below the base of the Stulagmitie Floor. Connected with this Cave, more- 
over, there proved to bo two recesses, which he did not enter ; indeed In* did 
not suspect their existence. 

The Roof of the Cave of Rodentia slopes gently towards the north. Its 
general height above the bottom of the Committee’s excavation is about 8 feet ; 

* See also ‘The Ancient Stone Implcrnenls, &c*. of Great Britain,’ by John Evans 
F.R.S., F.S.A., 1872, figs. 686, 687, p. 447- 

t Trans, Devon. Assoc, vol. iii. pp. 244, 24.^. 
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and from this it varies but little, except in one or two x>laces, whence masses 
of limestone have recently fallen. The Hoof is fretted, and has occasional 
lilies, extending tortuously upwards, and from D to 12 inches in diameter at 
the bottom, where they are largest. None of them contain any stahwtitic or 
earthy matter. 

The walls of the Cave are but little fretted, and their edges but slightly 
rounded. 

Almost immediately on entering tlic Cave the workmen had to blast a largo 
mass of limestone lying on the Staljigniiiic Floor, and which in all probability 
deterred Mr. MacFnory from breaking ground there. A few yards further 
in, a xiortion of the south wall, certainly tu sitn, and without obvious in- 
dication of severance from the limestone stratum of which it was a part, 
was found to x>r^‘ject a few fe(‘t beyond the geiiiu’al direction, and to 
have Cave-earth bem^atb it. This underlying di'posit had b<‘en regularly 
rmnoved ;us the successive Farall<‘ls were (‘xiaivated. At length the entire 
mass, estimated at a ton in weight, fell and very nearly cruslied the principal 
workman. 

The Slalagmitie Floor, originally continnons across the entire length and 
breadth of the (’ave, had ifi gieat part, htaui broken np by the earlier explo- 
rers. Judging from tlu‘ remnants of it still nunaiuing. it was of tin* ordinary 
gninular and laiuinaled cbaiacter, and from 3 to 12 inches in thickness. 

Jlem^ath this Floor tlu^ deposit was the common Cave-earth from top to 
bottom of the d-h'et sections, exc<*pt in the nortlnuai cormu’ of the Ckive, 
where the Old Crystallim^ Stalagmitic Floor, la sltHj fornual its basis, and 
rose like a boss from IxMK'atb. 

In the excavated d<‘j)osi(s thrown aside in this (^iv(* by ^fr. ^lacFnery, the 
Committee found bones and t(‘(‘th as usual, and a bronze gouge 3*2 inches 
long, and *75 inch in diameter at tin* end intended for tlx' reci'ption of the 
haft. Then* can he little or no doubt that it lay on the Stalagmitic Floor 
before Mr. MacKiuny enteriMl the Cave, and that he failed to observe it. 

The only oljjt'et found in the Cranular Stalagmitic Floor (that overlying 
the Cave-earth) was a tine oh ianomladfam of a rliinoeen)S, Xo. 5743. 

In the intact Cave-oarth about 1000 teeth of various kinds of mammals 
were met with, and in the ratios shown in the following Table: — 


Taulu IV. — Showing how many per cent, of the ti'oth found in Cavo-earth 
ill the Cave of Kodimtia lielonged to the ditfereiil kinds of Mammals. 


llyienu -U per cent. lh*ind(‘er 

Horse 2S „ Fh'phant 

Uliinoeer(»s Ih5 „ Lion.... 

^legaeeros 4 „ Sheep . . 

Deer 4 „ Fox . . . . 

Hear 3 „ Wolf.... 


1*5 per cent. 

I 


I tooth only. 
1 tooth only. 


In Certain j)arts of tlu^ Cave the Cave-oartli was found intact in every 
Level ; in others the u])])ermost Foot-level only had been broken up, leaving 
the second, third, and fourth iindisturlied ; wliilst in u third area the two 
lower Levels alone had not lieim touched. The second group occupied an 
area of but limited ('xtont-, and needs no further notice', hut tlio distribution 
of the teeth in the first and third arc shown in the following Tables : — 
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Table V.— Showing the distribution of the Teeth of the different kinds of 
Mammals in each of the four Foot-levels of thirteen Parallels of Cave- 
earth in the Cave of Eodentia. 



Table YI. — Showing the distribution of tlie Tec^th of the ditfonuit kinds of 
Mammals in the third and fourth Foot-levels of fourteen Parallels of 
Cave-earth in the Ca\o of Rodontia. 
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In the material which Mr. MacEnery had excavated, examined, and thrown 
aside in this Cave, about 130 teeth were found, which may be apportioiicd as 
in the following Table : — 


Table YII. — Showing how many per cent, of the Teeth found in the dis- 
turbed material in the Cave of Rodentia belonged to the difhuent kinds 
of Mammals. 

Hyaena 37 percent. Ox 3 per c(nit. 

Horse 31 „ Rabbit 3 „ 

Beer 12*5 „ Reindeer 1 tooth. 

Rhinoceros 8 „ Wolf 1 „ 

Bear 3 „ Fox 1 „ 

It has already been mentioned that there were two recesses in this Cave 
into which Mr. MacEnery did not enter. One, in the north-east corner, 
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measuring 4 feet long by 4 feet broad, yielded 36 teeth of hyaena, 5 of deer, 

4 of horse, 4. of rhinoceros, 2 of ox, a portion of an elephant’s tusk, numerous 
bones, and 1 flint flake. The other, in the opposite corner of the Cave, 
measured 9 feet by 8 feet, and was found to contain 161 teeth of hyaena 
(many of them in parts of jaws, all having lost their condyles), 107 of horse, 
40 of rhinoceros, 16 of deer, 10 of bear, 8 of megaccros (of which 5 were in 
part of a lower jaw), 5 of elepliant, 5 of ox, 5 of sheep, 4 of lion, 1 of fox, a 
great number of bones, balls of coprolite, 1 flake of flint and 2 of chert. 

The following are among the noteworthy specimens found in the Cave of 
liodentia : — 

Part of the left upper jaw of a bear (No. 5740), containing the last three 
molars, wdiich are not mucli worn. This specimen is in a good state of pre- 
servation, and W'jis found November 18, 1871, in the third Level of Cave- 
earth, with 2 teeth of hyajna, 1 of lion, and 1 of elejdiant. 

Part of the right upper jaw of a hoar (No. 5745), containing the last three 
molars, which are somewhat worn. This specimen, which is not well pre- 
served, was lying with a portion of probably the same head in a corresponding 
condition, and containing 1 canine of great .size. The3Mverc found November 
20, 1871, in the second Level of Cave-earth, w’ith 1 tooth of hyaena. 

A canine of a bear (No. 5740), iiiueh worn, and having a fang 5*1 inches in 
girth. It was found November 22, 1871, in the second Level of Cave-earth, 
willi 1 tooth of liorse. 

Port ion of an elephant’s tusk (No. 5764), measuring 10 inches long and 6*5 
iiKthos in girth — the largest specimen of the kind the Committee have met 
with in the Cavern. It is partially invested with stalagmite, to which a few 
small angular stones adhere, and on its surface there are teeth-marks of 
hymna. It was found November 27, 1871, in the first Level of Cavc-eailh, 
with 2 tcidh of hyicna, and gnawed fragments of bone. 

A very small tooth of an elephant (No. 5774) with two diverging fangs. It 
was found Deeomhor 2, 1871, in the fourth Ixivel of Cave-earth. On account 
of its very small size and unusual fang it was forwarded to Mr. Busk, who 
has furiiish(‘d the following remarks on it : — “ ^ A ,, milk-molar of Elephas 
prim'nfvnhis. As this tooth is only one half the size of the tooth usually, 
hut erroneously, regarded as the in.-in. 1, 1 consider that it represents the 
very rare oeeiiiTenec of a true in.-m. 1. If not, it is the smallest tooth of 
the kind 1 am ac(|uainted with, except in the Maltese dwarf elephants (rc/r 
my paper in Zool. Trans, vol. vi. jd. 53. tig. 2). The j)roper dimensions of 
m.-ni. 2 in El('})h(ts primhji n’nts are about *8 inch X *7 inch, and the smallest 
I have s(’en of EL l)i(flct(s is •(> x *48 ; whilst, a tooth in the Zebhug collection 
is -4 X *32, and the i)resent one -15 x *3, or nearly the same. One objection, 
howeviT, and that a strong tme, to the ])resont tooth being really m.-in. 1, 
arises from its having two divergent fangs, while the Zebhug tooth has only 
oru^, or two connate into one. This is a very curious specimen, and, as re- 
gards the elepliant, of remarkable interest.’' — (Signed) Ok.orge Busk. 

Si^veral good sju'e.imens of coprolite were met with both in the Cave of 
liodentia and the Wolfs (’ave. 

Five imphumuits and tlake.s of ilini and chert were found in the former 
Cave, hut none of them rank amongst the best of the Cavern series; indeed 
one oidy (No. 5741) rciiuires special description. It is a light grey flint, 
rudely oval in form, irregularly convex on both faces, 2*8 inches long, 2’4 
inches broad, and *95 inch in greatest tliiekness. Though it has undergone 
a corisideidhlo amount of chipping, and is reduced to an edge all round, it- is 
by no means a well-finished, but was jirobably a very efficient, “ scraper.” 
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It was found November 18, 1871, with 5 teeth of hyociia, 2 of megaceros, 
1 of hoi*se, and 1 of rhinoceros, in the third Level of Cavo-carih. 

Besides the implements, there is a piece of chert having the form of a nide 
triangular pyramid, 3*2 inches high, its scalene base ])eing 3*3 inches long 
and 1*2 inch broad. It was found November 30, 1871, with 2 t(‘cth of 
hyicna, 3 of horse, and 1 of ox, in the third Level of Cave-earth. Its form 
is scarcely indicative of an artificial origin ; and though its edges are some- 
what rounded, it docs not seem i)ossible for it to have been transported by 
natural agency from the nearest locality in which such material is now found 
m situ, without being much more rounded than it is. 

Before proceeding to another branch of the Cavern, the Committee ANould 
remark that they commenced their investigation of the Wolfs (/avo on July 
32, 1871, and from that time until they had reached its termination, as well 
us that of its offshoot, the Cave of llodeiitiu (a period of nearly six months), 
they cherished the hope that, like Mr. ^lacEiiory, they might find some reimiins 
of Maehairodus latidens. During their progress they were daily face to face 
with their energetic predecessor s labours, and from time to time met with 
the tools with which they Averc performed*; hut they had finally to leave 
the two Caves on December 30, 1<S71, with a feeling of great disai)pointment 
that neither amongst the many hundreds of specimens which Mr. ^lacKiUTy 
had left in his broken ground, nor in the Cave-earth remaining intact beside 
and beneath his diggings, had they met with any trace of the great object 
and hope of their search. 

MacEnery states that he found the famous canines “in diluvial mud mixed 
with teeth and gnawed hones of rhinoceros, eh‘p]iant, horse, ox, elk, and deer, 
with teeth and bones of hyienas, bears, wolves, foxes, and that ho 

subsequently discovered an incisor of the same s]>(‘eies in the same bed It 
will be seen from Table III., given above*, that, with scarci'ly any ()th(‘r 
exception than that of Macltairodus, such an jissemhlage of remains as ho 
cuumcTates Avas actually found by the Committee in tin* very soil Avliieli lie 
had examined and cast aside; and from Table 1., tliat of the animals in his 
list, just (juoted, the great sabre-toothed Eelis Avas the only one Avhich failed 
to present itself AAdien the Committee broke uj) the undisturh(‘d Cave-earth 
lying beloAV that wliich yielded the canines and incisor. When to this it is 
added that the most careful search by the Committee failed to detec, t in the 
Cave-earth Avhieli they excavated any remnant of the ol(l(*r (Aav(‘rn dej)osit, 
and that MacEncry Avas struck Avith the fact that, though “ ddioatt'ly edged,'’ 
the canines were found quite iiiiinjiircd in the mirlst of the s]]att(‘re,d ))ones§, 
a strong case seems to he made out in favour of the propositions that Mavhair- 
odus belonged to the Dcvonsliire Cave-earth fauna, and that liis remains 
found in Kent s Cavern Avcrc not redeposited fossils. 

The Charcoal Cave, — Tavo passages open out of th(i south-Avest corner of 
the Sloping Chamber, opposite the entrance of the Wolfs CViat. Tlio more 
important is of considerable length, and leads in a south-westerly din’ction 
to a series of large chambers, in which the Committee have not y(^i iindtT- 
taken any researches. Mr. MiicEnery designated this the “ Long Arcade.” 

Very near its mouth is the entrance of the second passage, to which, for a 

* The tools were two haintneps, a small chisel, a trowel, and an iron scraper. It cannot 
be necessary to state tlmt these mementos of him who first made tlie Cavern famous have 
been carefully preserved. 

t See “Plate F,” ‘Cavern Researches,’ edited by E, Vivian, Esq., 185*,). 

J See Trans. Devon. Assoc, vol. iii. p. 370. § Ibid. p. 2*<)4. 
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reason which will shortly appear, the Superintendents have given the name 
of the Charcoal Cave.’’ This passage the Committee proceeded to explore 
before undeitakiiig the Arcade. 

It extends on the whole in a southerly direction for a distance of upwards 
of 50 feet, varying from 5 to VA feet in breadth, and throughout the 
first half of its length maintaining a tolerably uniform height of from 9 to 
10 feet-. At 10 feet from the entrance it sends off a branch in an easterly 
direction, and at 20 feet a second branch towards the south-west; re- 
solving itself, in short, into three ]>assagos, which ultimately reunite, and 
may convenicintly bo t(‘nned tlie “ Northern,” “ Central,” and Southern ” 
branelK^s. They have all, but especially the northern, the aspect of long- 
continued wiitercourses fretted by the subsequent and unequal action of 
acidulated water. ^louths of “flues” present themselves in the roofs and 
walls ; but, none of tlnan have; any trac(‘s of earthy matter, and few are lined 
with stahictite. I’ln* brandies are subject to a very cojiious drip very soon 
after rains, but no portion of it enters through tiie Hues just mentioned. 

At is f(‘et fioin the entrance of the Cave a thin laycT of lilack matter, 
among whiidi charcoal was conspicuous, was observed lying on the surface of 
the Stalagmitii; Floor, where it covered an area of about 2 s(|uare feet. It 
was thought to be jirob ihly the remains of a fire kindled by some recent 
visitors to tlu' Cavern, though the ])lace seennal an unlikely one for such a 
])ur|)ose, the roof being no more than 1 fi‘(‘t above the floor before the exca- 
vation, and the narrow passage biung viuy siddoni entiu’ed by visitors. The 
whoh' of the matm’ial was carefully colh‘ct(*d, and, on being washed and 
examined, yiehh'd thi‘ following assemblage of obj(‘cts : — Small rough pieces 
of stalagmitie matter; bits of charcoal, some of thmn incor]>orated in the 
stahigmili(‘ mattcu' just mentioned ; ujiwards of ;i dozen small pieces of very 
coarse friable ]»ottery, of a reddish colour, without any trace of ornamenta- 
tion, and in all jirobaliility parts of oiu* and tlu* sanu^ veNS(‘l ; two unworn 
lower “wisdom le(‘th” of a human sulject; a fi‘W entire phalangc'al boiu's, 
aj)par(*ntly of an individual barely maturi* ; jiart of an ulna, of a pelvis, of a 
verb'bra, of ribs, and numerous small fragments of bone ; an almost perfect 
left low(‘r jaw of a fox, containing the canine tooth and live molars; a few 
incisors and bones of small rodents. 

In accordance with tin* practice invariably followed since the commence- 
mimt of tlu* <*x])loiation, the water in which the objects just mentiom‘d were 
washed was pasM-d through a line sieve for the ])urpose of d(*tecting minute 
ohj(*cts of interest. This water was almost black from the fine matter held 
in susp(*nsion, and wliieh, on Ix'ing deposited and dried, jiroved to he fine 
silt, coloured with charcoal. 

As earlier exjdort'rs of the (’avern had in one ])lace in this (-avo attc'mpted 
to break through tlu* Stalagmitie Floor at a point lurther in than the spot 
()ccu])i(*d by the hhn*k mMt(*rial, and must have freipiently tranqded on it, 
th(‘re is no ditlieuliy in accounting for the hmke.n condition of llio pottery, 
the eharcoal, and most of the boin*s. It is seure(‘ly necessary to observe that 
the (Ibanaial (\ive tak(\s its name from the pateh of black matter just 
describeil. 

IVIr. (nnirb*s Kodway, a distinguished dentist of Tonjuay, to whom the 
human teeth nu*ntioned above were submitted, was so good as to furnish the 
following not(‘ resjiecting them : — 

‘ Torquay, June 11, 1872. 

“My dkau Sik, — I liave examined the two teeth you brought me, and 
they are right and left inferior * dentes sapientitv^ of a human being. They 
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arc the teeth of a subject between the age of 15 and 20 years, judging from 
the undeveloped state of the roots, which later in life would be longer, with 
the puli)-cavity at the apices considerably smaller. I notice upon the lingual 
surface of the left tooth what 1 take to be a dej^osit of salivary calculus, which 
leads mo to suppose that they were already erupted from the gum, although 
not sufficiently risen to have been used in mastication, as the enamel on the 
masticating-surface does not appear to have been subjected to friction. It would 
be impossible to say whether they are the teeth of a male or female ; but from 
their strong likeness they are unquestionably the teeth of the same person. 

“ Yours truly, 

(Signed) ‘‘ Cuaeles IIodway, S.D., Li. ll.C.S.” 

With the exception of the jaw of a fox, and the incisors and bones of 
rodents, all the osseous remains wore beliovcal by the Superintendents of the 
Exploration to be those of a human subject of about the ago indicated by the 
wisdom teeth, and were all forwarded to Mr. (J. Lusk, who has furnished the 
following Report on them, conhrming, with a few exceptions, their human 
character. The specimens were twenty in all, and were numbered 
Z'irT^ and so on. 

Mr, Dash's Deport. 

No. T^j-Vr* Fragment of left ilium ; probably female ; age unasccrtainable. 

2. Not human. 

‘‘ 3. The sternal end of a human clavicle. 

“4. First phalanx of third finger, right hand; entire, but with the 
epiphysial line of junction quite distinct ; age 18 to 20. 

5. Portion of body of lumbar vertebra, showing that the epiphyses were 
ununited ; age the same. 

‘^6. A fragment of the sacrum. 

** 7. First phalanx of fourth finger, right hand, with the epiphyses detacbcal. 

8. Second phalanx of right thumb. 

“ 9. Upper end of right ulna, of rather peculiar form ; tin* peculiariiy con- 
sisting in the straightness of the posterior angle and the hreadth of the 
square anterior fa(*,e. Epiphyses (juite unil(*d ; but as this union takes 
place at 16 years, the bone probably behnigc^d to the same individual as the 
above. 

“ 10. Shaft of humerus (?) of (?). Not human. 

“11. Fragment of second right metacarpal. 

“ 12. Distal portion of first nietac<irpal, or ])halanx of thumb. 

“ 13. Fragment of tlic shaft of a clavicle, of sleinhT make. 

“ 14. Fragment of the left ischium of a young ruminant of the size of the 
ibex, or a large goat ; but may be by chance a young red-doer — not reindeer, 
nor fallow-deer, nor roebuck. 

“ 15. Right cuneiformci hone. 

“16. Right pisiform bone. 

“ 17. First phalanx of fourth toe. 

“ 18. Second phalanx of fifth toe. 

“ 19. Third phalanx of third finger. 

“ 20. Second phalanx of toe. 

(Signed) “(ieoikje Ltsk.’'* 

“32 Ifarley Street, July 29, 1872.” 

The Superintendents incline to the opinion that-, since the age of the sul)- 
ject to whom Mr. Lusk ascribes the bones harmonizes with that of the person 
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to whom Mr. llodway says the teeth belonged, all the remains are portions 
of the same skeleton, and that they had been preserved in a cinerary urn of 
which the potsherds found with them were fragments. 

There was a continuous Stalagrnitic Floor from the entrance of the Char- 
coal Cave to 19 feet within it, except at one place, where it did not quite ex- 
tend from wall to wall. In the next 5 feet the Cave-earth was without any 
covering, but at 25 feet from the entrance a floor again presented itself. It 
was of the usual character, varied from 2 to 12 inches thick, and near the 
entrance there was in it, about 2 inches below the surface, a thin layer of 
carbonaceous matter. 

In tlie northern branch the floor was everywhere continuous, and varied 
from 18 inches thick at the entrance to 1 inch at the inner end. In the 
central branch the floor was but partial, never exceeded 9 inches thick, and 
was occa'^ionally no more than a mere lilm. In one or two instances pieces 
of Old Crystalline Floor were incorporated in it. There was very little floor 
in the southern branch. 

Remnants of an old floor ui situ, extending from wall to wall, presented 
themselves in each of the branches, always at some height above the Cave- 
oarth. They were indications, of course, of the former existence, and at 
h‘ast partial dislodgement, of a deposit older than the Cave-earth, and which 
there attained a higher level. The most considerable of them was in the 
central branch : it was from 9 to 10 feet long, 3 inches thick ; its upper 
surface was 1*5 foot below the limestone roof, and its lower surface 4 feet 
above the granular Stalagrnitic Floor, the spaces between it and the m-jf 
above, and the ordinary tloor below, being quite unoccupied. The remnants 
in tlie other branches differ from this in their measurements only. 

With excei)tions in portions of the central and soutliern branches, to be 
noticed immediately, the mechanical deposit in the Charcoal Cave was true 
Cave-earth. At the entrance, and for about 11 feet within, it contained an 
unusually great number of fragments of limestone from top to bottom of the 
section. Beyond the point just sj)ecilied, up to IS feet from the entrance, 
such fragnKUits were rare, excei)t in the uppermost Foot-level, where they 
still abounded ; their place below being taken by a few ])ieces of red grit, 
some, of which were fossil iferous, whilst the Cave-earth l>eeame very sandy. 

From the first to tlu'. second biliircation of the Cave, as well as for a few 
feet within each branch, the ('ave-earth was no more than from 1 to 3*5 feet 
deep, and rested on a continuous, but very uneven, limestone floor — an 
instance, and probably the only one yet known in the Cavern, of this floor 
being reached. 

In the northern branch the deposit was true Cave-earth throughout. In 
the central one the Cave -earth contained a few pieces of Old Crystalline 
Floor, and throughout the innermost 10 feet rested immediately on the old 
dark red Breccia, found elsewhere in the Cavern beneath the Crystalline 
stalagrnitic Floor. In the southern branch nothing but true Cave-earth was 
found from the entrance to 8 feet within it ; but beyond that to the end, a 
distance of 1 7 feet, from the biise of the section to 2*5 and even 3 feet above 
it, the entire accumulation wtis the old dark red Breccia, rock-like in ita 
cohesion, continuous from wall to wtill, and clearly in situ. 

It may be well at this point to give a brief recapitulation of the facts as 
they presented themselves in tvseending, but not necessarily chronological, 
order, in the same vertical section, in the central and southern branches : — 

First, or Lowest. -Dark red rock-like Breccia, at least largely composed of 
angular, subangular, and rounded fragments of Devonian grit, derivable 
1872. u 
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from the adjacent loftier hills, but not from the comparatively low one in 
which the Cavern occurs. Its depth is unknown, as its base has not been 
reached. 

Second. Cave-earth, consisting of a somewhat light red loam and generally 
about 50 per cent, of angular fragments of limestone, with an occasional 
pebble not derivable from the Cavern.bilL Its depth was variable, but never 
less than 1 foot. 

Third. A floor of granular Stalagmite, from 1 to 1 8 inches thick. 

Fourth. An unoccupied space from 1 to 4 feet high. 

Fifth. A floor of Crystalline Stalagmite from 3 to 4 inches thick. 

Sixth. An unoccupied space from 1 to 3*5 feet high. 

Seventh. The limestone roof of the Cave. 

Were we to speculate on the history of the Charcoal Cave as indicated in 
the facts just described, we should find ourselves taken back to the time when 
it was formed, not by any convulsion, hut by the actual and probably gradual 
removal of the limestone which once filled the entire space betw’een the walls, 
as is shown by the unfissured roof and the continuous limestone floor. 

Secondly, so far as can be ascertained, the introduction of angular, sub- 
angular, and rounded pebbles of dark red grit, with sandy mud derived from 
their attrition, until the Cave and its branches were filled almost to the roof. 

Thirdly, the introduction of materials from without having ceased, the 
Breccia which had accumulated was hermetically sealed up with a cake of 
Crystalline Stalagmite, from 3 to 4 inches thick — the result of the slow solu- 
tion and precipitation of calcareous matter. 

Fourthly, the Crystalline Stalagmite was partially broken up, and a portion 
of the Breccia was dislodged, the removal being more complete in some parts 
than in others. 

Fifthly, again there was introduced a mechanical deposit, but instead of 
dark red grit and sandy mud, it consisted of a light rod loam and angular 
fragments of limestone of various sizes. It did not attain to so gn^at a height 
as the previous deposit of dark red material. 

Sixthly, a floor of Stalagmite, differing from the fc^rmer in being granular 
instead of crystalline, was formed on the red loam or Cave-earth, at a lower 
level than that which scaled up the Breccia. 

Seventhly and lastly, this latter floor being completed, there was j)laccd on 
it a small cinerary urn, containing human bones and bits of charcoal. 

But to return. The deposits in the Charcoal Cave were by no means rich 
in osseous remains. The granular stalagmite jdelded a few unimportant 
bones only, and in the Cave-earth there was but a comparatively small 
number of bones, and no more than 85 teeth. The latter belonged to different 
kinds of mammals in the ratios shown in the following Table : — 

Table YIII. — Showing how many per cent, of the Teeth found in Cave-caiih 
in the Charcoal Cave belonged to the different kinds of Mammals. 


Horse 

... 33 

per cent. 

Bear 

... 3*5 per cent. 

Hyaena 

... 29-5 

9} 

Wolf 

... 2-5 „ 

Fox 

...12 

99 

Elephant 

... 1 

Rhinoceros , . . 

... 10*5 

99 

Ox 

... 1 

Badger 

. .. 6 

99 

Sheep 

... 1 


There were but thirteen of the Parallels consisting of Cave-earth from top 
to bottom of the 4-feet sections which contained teeth, and, these amounted 
to no more than 31 in number. Their distribution is shown in the following 
Table;— 
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Tab: K IX. — Showing the distribution of the Teeth of the different kinds of 
Mammals in each of the four Foot-levels of thirteen Parallels of Cave- 
earth in the Charcoal Cave. 



The following may be mentioned amongst noteworthy bones found in the 
Charcoal Cave : — The distal end of a tibia (No. 5900), an astragalus, and the 
proximal end of an os calcis of horse, all inosculated in true anatomical posi- 
tion as when clothed with flesh, thus intimating that they were so clothed 
when lodged where they were found. The fractured end of the tibia affords 
decided evidence of the powerful jaws of the hyaena. With the specimens 
were found another distal end of a tibia of horse, a metatarsus of horse, a 
metatarsus of reindeer, part of an antler, a rather small astragalus, and a 
gnawed bone. They were lying but little below the surface of the Cave-earth, 
whore it was not more than l-o foot deep, almost in contact with the roof of 
the southern branch, and deposited on the old dark red Breccia ; and they were 
extracted June 0, 1872, in the presence of one of the Huperintendents. 

In a precisely similar situation, and but one foot from the objects just 
named, a metacarpus of horse and a large atlas were found two days after. 

On April 22, 1872, there were found on the surface of the Cave-earth 
upwards of bOO bones of rodents all lying together; and on the 11th of the 
same month nearly 800 small stalagmitic bodies, which may be likened to 
rather large, ill-shapcn, rugose marbles, were found in a heap on the Cave- 
earth, in a small recess in the wall of the southern branch, with two hazel- 
nut-shells and a piece of bone. On May 17 a similar but smaller heap, con- 
taining about 100 such “marbles,*^ with a toothless fragment of jaw, was 
met with in a position precisely like the former. Several coprolites were 
found in the Charcoal Cave. 

One small flake of white flint (No. 5899) was found in the southern branch 
on May 22, 1872. It may be dismissed with the remark that it lay in the first 
liovol of Cave-earth with 2 teeth of hyaena. 

Bones and teeth were found in the old dark red Breccia in the central and 
southern branches. The bones were much broken in digging them out, on ac- 
count of the rock-like character of the Breccia. The teeth, like those found in 
the same deposit in other parts of the Cavern, were all of them those of bear. 

In their Fifth lleport (Exeter, 1 8()9) the Committee called attention to a 
flake of flint found in the Breccia in the Water Gallery,” and pronoimceff 
by Mr. John Evans, F.ll.S., a Member of the Committee, to be not only of 

e2 
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artificial origin, but to have been used by man * ; and they ventured on the 
opinion that, from its being coeval with the Breccia (which must have been 
laid down long before the deposit in which, so far as the Cavern evidence 
goes, the first traces of the Cave-hymna, Cave-lion, mammoth, and their con- 
temporaries were mot with), it was anthropologically by far the most impor- 
tant object the Cavern had yielded. From that time the Committee have had 
no opportunity of investigating this old Breccia, and hence no announcement of 
further discoveries of the kind were looked for in their Sixth or Seventh Beports 
(1870 and 1871). They are now, however, enabled to return to the subject, 
and to state that the Breccia has yielded two additional flint implements. 

The first of these (No. 5900) was found May 22, 1872, in the southern 
branch, from 1 to 2 feet deep in the Breccia, in which it was firmly im- 
bedded ; and over this was an accumulation of typical Cave-earth, having no 
Stalagmitic Floor either above or below it. There were no bones found near 
the implement ; but vertically above it, in the Cave -earth, were the small 
flake of white flint and the 2 teeth of hyaena just mentioned. It is rude in 
form, rather over 5 inches in greatest length, scarcely .‘3 inches wide, and 
about 1-5 inch in greatest thickness. It exhibits a small portion of the sur- 
face of the nodule from which it was made, is of a duU cream colour, and its 
weight is less than that of ordinary flints of the same size ; in these re8i)ect8 
resembling some of the tools found in the Windmill- Hill Cavern at Brixham. 

All the dimensions of the second implement (No. 5903) slightly exceed 
those of that just described. Its colour is a pinkish cream ; one of its surfaces 
is nearly flat, whilst the other is very convex, and retains much of the sur- 
face of the original nodule. One of the Sui^erintendents, who assisted to 
extract it, had the opportunity of studying it before any attempt was made 
to move it. The Breccia was compactly cemented together, and the imple- 
ment was firmly imbedded in it, at 1 foot below its surface, above which was 
Cave-earth to the depth of 27 inches, and, without being covered with sta- 
lagmite, reaching within 3 inches of the roof ; in other words, the united 
thickness of the two deposits overlying the tool was 39 inches. It was di- 
stinctly observed to be fractured ; and as the severed portions were in such 
close contact as to render the line of junction almost microscopic, it had obvi- 
ously been broken where it lay. Every care was taken in its removal ; but on 
being extracted it fell into three pieces, one of which remained firmly attached 
to and incorporated in a lump of the Breccia. The fractured surfaces showed 
that its colour was whitish throughout, and that its texture was granular. It 
was found May 27, 1872, in the southern branch of the Cave, about 2 feet from 
the specimen just described (No. 5900), and, like that, had no bones near it. 

The excavation of the Charcoal Cave and its branches was completed J uly 7, 
1872, the labour of 4*5 months having been expended on it. 

The Long Arcade , — The principal passage opening out of the south-west 
corner of the Sloping Chamber, as already mentioned, was termed the Long 
Arcade by Mr. MacEnery f, and the ‘‘ HysGna Cloaca Maxima’^ by Dr. Buck- 
land J. It has a direction towards south-west, and is the great thoroughfare 
to the “ Labyrinth,” “ Bear’s Den,” and ‘‘ Cave of Inscriptions.” Its explora- 
tion is at present in progress. Up to the end of July about ten weeks’ work 
had been expended on it ; but a very large amount remains to be done there. 
Mr. MacEnery had commenced the exploration of the Arcade, but meeting 
with fewer fossils than he hoped, soon abandoned it §. 

See Report Brit. Assoc. 1869, pp. 202, 203. 

t See Trans. Devon. Assoc, vol. iii. p. 303 (1869). f Ibid, p, 237. § Ibid. p. 290. 
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At its entrance this branch of the Cavern is about 17 feet in width and 13 
in height. The roof is the naked limestone, much fretted or honeycombed. 
The Granular Stalagmitic Floor was continuous in every direction and of very 
great thickness. Its surface, for some distance, was occupied by a series of 
natural basins, bounded by stalagmitic walls insing above the general level of 
the floor. They varied in depth from an inch to fully a foot, and in wet 
seasons were constantly full of water. Similar basins occur in other parts of 
the Cavern, but those at the mouth of the Arcade (the great thoroughfare) 
have attracted a large amount of attention. Mr. MacEnery desciibed them as 

encircled with wavy walls, rivalling the most exquisite works in pastry”*. 
When breaking up the floor it was observed that the bottoms of the basins 
were formed of a softer looser stalagmite than that composing the walls, and 
that these dissimilar characters extended vertically down\vards through the 
entire “Floor.” Cliarcoal has been found in a few of them, and one con- 
tained two or three bones. 

At the western wall of the Arcade, and several feet from it, the Stalagmitic 
Floor was never less than 4, and not unfrequently upwards of 5 feet thick ; 
but at the eastern w.all it rarely measured more than 2 fe(;t. The upper- 
most 6 inches were frequently of a dirty reddish colour, as if soil-stained ; 
but at grealer depths it was very pure, often granular, occasionally flaky, and 
cvciy^wherc distinctly laminated. 

At something more than a foot from the bottom of the Floor, there was 
found in every section a roughly horizontal, continuous, black line, extending 
from the western wall of the Arcade to a distance, in one instance, of 7 feet, 
generally about a quartc'r of an inch thick, ])ut never exceeding half an inch. 
It was due to the presence of charcoal, and, of course, r(‘prestmted a thin sheet 
of that material. It w’as very carefully watched as the Floor was broken up, 
but yielded no tracxi of bone or of any subst'anco besides the charred wood. 

This “ Charcoal Streak ” was o])serv(‘d and studied by ^Ir. MacEnery, who, 
attaching great clironological im])ortance to it, described it no h'ss than four 
times f. The portion of the Floor in which he found it was not more, at 
most, than half tbe thickness of tliat recently broken up by the Committee. 
From his description it apj)ears to liave bemi horizontal, midway from the 
surface to the bottom of the stalagmite, from I to 2 inches thick, about 5 feet 
in greatest lengtli in any section, composed of eharnal wood and straw, and to 
have contained the following objects imbedded in it: — Small polished pebbles 
of white flint, shells, hvo portions of the jaw, a tusk, and some phalanges of 
boar, the under jaw of a badger, bones of rabbits and rats, and cylindrical bones 
which J)r. Auckland, who extracted them, assigned to deer. The latter were 
half-rojisted, and, with the exception of the jaws of the boar, all the bones had 
been more or less exposed to the action of tire. No extraneous objects of any 
kind were found in the Floor above or below the “ Charcoal Streak.” 

The Committee have been more fortunate, having met with bones in other 
parts of the stalagmite, but all of them below the black line. The most note- 
worthy of these are a tooth of deer (No. 5818), a largo vertebra (No. 5951), 
and a well-worn tooth of hymna (No. 59()9). Tn tlie same deposit a piece 
of black flint (No. 5938) was found July 18, 1872. 

Mr. MacEnery’s diggings in the Cave-earth at the entrance of the Arcade 
had in some places been carried to a depth of 3 feet below the Stalagmitic Floor, 
thus leaving the fourth Foot-level intact. They gradually became less and less 
deep, until at 12 feet from the entrance they ceased entirely. This excavated 
material has been carefully reexamined, but contained very few specimens. 

* Trans. Devon. Assoc, vol, iii. p. 23(>. t Ibid. pp. 235, 236, 261, 291, and 335. 
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The deposit underlying the Stalagmitic Floor was typical Cave-earth, 
having no peculiar characteristics. Up to the end of July no trace of the 
Breccia (the older deposit) had presented itself, either in situ or in incorpo- 
rated fragments. It has not proved to be very rich, nor has it been remark- 
ably poor, in bones and teeth ; and it has yielded two flint implements. It 
is believed, however, that the lack of abundance will be found to be fully 
compensated by the character and value of at least one of the specimens. 

One of the implements (No. 5819) is a somewhat mottled white flint, rather 
irregular in form, flat on one face, doubly carinated on the other, 3*3 inches 
long, 1*1 inch in greatest breadth, and *4 inch where thickest. It was found 
in the first Foot-level of Cave-earth with a portion of a grey flint nodule, 
apparently fractured artificially. 

The second implement (No. 5829) is a bluish-grey flint, semilunar in out- 
line, 2*5 inches long, 1*5 inch broad, and fully *5 inch in greatest thickness. 
It was found, with a tooth of hyaena and a tooth of horse, in the third Foot- 
level of Cave-earth. 

Up to the end of July 120 teeth and a considerable number of bones, be- 
longing to various kinds of mammals, had been met with. As the exploration 
of the Arcade is not completed, it is perhaps undesirable at present to exhibit 
the distribution of the teeth in a tabular form. The hymn a, as usual, takes the 
lead, and is followed by the horse and the rhinoceros in their usual places. 

Though, amongst the animal remains, several good specimens have been 
met with in the branch of the Cavern at present under notice, only two of 
them require special mention. One of these (No. 5968) is the right lower 
jaw of a young bear, and, what is very unusual in the Cavern, perfect in all 
its parts. Such, however, was its fragility that it was broken in taking it 
out of the deposit. It was found July 30, 1872, with an additional canine 
of a young bear (in all probability belonging to the same individual) and a 
tooth of elephant, in the third Foot-level of Cave-earth, over which the 
Stalagmitic Floor was 5 feet thick. 

The other specimen (No. 5962) is a well-marked incisor of Machai rodm 
latidens, found July 29, 1872, with the left lower jaw of bear containing one 
molar, in the first or uppermost Foot-level of Cave-earth, having over it tho 
Granular Stalagmitic Floor 2*5 feet thick. It answers admirably to the 
following description given by MacEnery of the incisor he found : — “ The 
internal face of the enamel is fringed with a serrated border. This tooth is 
distinguished further by two tubercles or protuberances at the base of the 
enamel from which the serration springs, and describes a pointed arch on the 
internal surface The body of the tooth in this specimen is not com- 

pressed but rounded ’’ *. He adds, “ Whether this belongs to an inferior 
species of U, cultridem, or [is] simply the incisor anterior to the canine of the 
larger species of U, cultridens, I am not able to pronounce with certainty. If 
merely the incisor, it is still interesting, as it serves to show that the serrated 
character is not confined to the canines, and that the rest of the teeth, and 
consequently the frame, are marked by a peculiar conformation.” 

A glance at the new specimen sufiices to explain why Mr. MacEnery was 
uncertain respecting the canine or incisive character. Indeed the workmen 
sent it to the Secretary of the Committee under the belief that it was the 
canine of a wolf, it being partially covered wdth Cave-earth ; and its true 
character was detected whilst it was being washed, August 5, 1872. 

MacEnery states that his incisor, which unfortunately cannot be traced, 
was “ about an inch long”* — the expression, in aU probability, of a rough 
*■ Trans. Devon. Assoc, vol, iii. p. 370. 
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guess, and not of actual measurement. The incisor from the Cavern (doubt- 
less that discovered and described by MacEnery) figured by Professor Owen 
in his ‘History of British Fossil Mammals, &c. very nearly corresponds 
in size with its homologue just found. The new specimen is slightly longer 
in the crown, and somewhat thicker in the fang. 

The Committee cannot but feel that their thanks, as well as those of all 
palaeontologists, are due to the Committee of the Geological Section for having, 
year after year from 1 864 inclusive, cordially applied for a grant from the 
funds of the Association for the exploration of the Cavern, to the Committee 
of llecommendations for having recommended the successive applications, and 
to the General Committee for having annually voted the sums applied for. 
One of the ho})Cs of the Cavern Committee, in commencing their researches, 
was that they might find some traces of Muchairodus. This they have never 
abandoned, though ycair after year passed away wutliout success ; and they 
cannot hut express their gratitude to the body w^hose patience and liberality 
has enabled them to continue their labours until this hope was realized. The 
greater part of this lleport W'as written before the discovery was made ; and 
had the work ceased on July 2S, 1872, those who always declined to believe 
that Machairodus had ever been found in Kent’s Cavern, would have been 
enabled to urge, as an additional argument, the fact that the consecutive, 
systematic, and careful daily labours of 7 years and 4 months had failed to 
show that their scepticism was unreasonable. This great accumulation of 
negative evidence has been for ever set aside, and all doubt of Mr. MacEnery’s 
accuracy for ever removed, by the discovtuy the Committee have iioav had the 
pleasure to announce. 

They can now' announce also that Maclmiroda^ laildens and man w^ere con- 
teTnporari(*s in Britain ; for (‘ven if, notw ithstanding the great array of facts 
to the contrary, tlie former should prove to have belonged to the era of the 
Breccia, and not to that later time i‘(‘pres(‘nted by the Cave-earth, the tw'o 
flint implements found in tlie Breccia, to which attention w’as called ill a 
previous pai t, of this Report, as W (‘1I as that ])roduced and described at Exeter 
in 18()t), take man back to that earlier period also. 


Report of the Committee appointed for the purpose of promoting the 

Foundation of Zoological Stations in different parts of the World, 

The Coinmithie beg leave to report that, as stated in the Beport of last jmar, 
the Zoological Station of Na])les will he r(‘ady and in working’ order in the 
beginning of January 1873, the progress of the construction being such as to 
enable l)r. Dohrn to make this assertion. 

This undertaking has received much ofiieial and private assistance, not only 
from ])ublic aiitliorities, but in a very high degree from ])rivate persons. The 
Committee have much pleasure in acknoAvledging especially the extraordinary 
services rendered by Mr. W. A. lioyd, of the Crystal- Palace A(]narium, in giving 
every assistance to Dr. Dohrn, as far as technical difliculties are concerned. 

Special care has been taken to secure donations to the future library of the 
Htation. The eminent firm of Engelmann, in Leipzig, has presented all its works 
on Biology not previously possessed by Dr. Dohrn. View'eg, in Brunswick, has 
also sent all his publications on Biology. Theodore Fischer, in Cassel, has done 

* A History of Britisli Fossil Maumials and Birds. By Richard Owen, F.R.S., F.G.S., 
(1846), p. 182, fig. 70. 
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tlie same. Important donations are promised from Dr. Alexander Agassiz, Cam- 
bridge, Mass., comprehending the publications of both his father and himself. 

To secure the development of the library on a greater scale, it will be 
necessary to make general applications. For this purpose, Dr. Dohrn, 
assisted by several of the greatest German publishing firms, is preparing an 
appeal to all German publishers, and hopes also to succeed with a like 
demand in Italy. The Committee hope that the British Association will 
lend its moral assistance to a similar demand in this country, not only by 
granting a complete set of its own publications, but by recommending a 
similar act to other scientific bodies and private persons. 

The Committee are furtlier glad to announce that some Steam Navigation 
Companies are prepared to grant a free passage to the Naturalists, and free 
transport for the goods sent to or from the Zoological Station. 

Dr. Dohrn contemplates a new step for the purpose of securing a larger 
income for the Naples Station. He is about to offer to several Governments, 
Universities, and Scientific Bodies working-tables in the Laboratory of the 
Station for a certain annual sum. The payment of this sum would confer 
upon the subscribing Government, University, or Society the right of appoint- 
ing naturalists, who, on presenting a certificate to the administration of the 
Station, would be furnished with a working-table and admitted to a partici- 
pation in all the other very extensive advantages of the Stfition. 

The Committee think it well earnestly to advocate this new step of the 
administration of the Naples Station, the more so as it lessens the burden 
of the single naturalist, enabling even such as are destitute of means to 
profit by the manifold advantages of the Station, while it guarantees a fixed 
annual income to the latter, which would be employed in imj)roving the 
technical and other means of investigation. 


Fourth Report on the Fauna of South Devon, By C. Spknce Bate, F.R,S, 

In presenting to this Association the Fourth Deport of the Marino Fauna of 
the South Coast of Devon and Cornwall, it cannot he supposed that any great 
increase of novelties, either in species or genera, can he added to the forms 
known ; and to recapitulate those already reported is unnecessary. My 
attention therefore has been directed more especially towards the develop- 
ment and habits of animals that have fallen within my range of observation. 
Facility has been given in this direction by the establishment at Plymouth, 
under my suggestion and plan, of a marine pond for the purpose of keeping 
and storing animals for the aquarium at the Crystal Palace. Already it 
has given us opportunities of observing the habits of animals that could 
scarcely be obtained under any less favourable circumstances. These oppor- 
tunities will become still more numerous and valuable as the conditions of 
the pond become more adapted to deep-sea species. 

The pond is formed out of a deep gully in the limestone shore, and much 
of it extends far into a cave beneath the cliff. The pond is irregular in 
shape and depth, and affords many crannies, nooks, and corners for animals 
to live or take refuge in. At the entrance, where the water is deepest, the 
width of the pond is about eleven feet, but at other places it is more than 
double that extent ; and when the sea rises to the higher spring-tides the length 
of the pond extends upwards of eighty feet from the wall that separates it 
from the waters of the Sound. The rocks, which were formerly covered with 
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Fucus, are now matted with grass-green Algee ; and with the change the water 
has lost its foul and stagnant appearance, and become pellucid and clean. 

The following fish have been taken on the coast since the last Report, and 
with those already mentioned form a tolerably perfect list of the fish of the 
southern coast of Devon and Cornwall : — 

List of Fishes taken off Plymouth, 

(The English names are from Couch.) 


Raia marginata (Bordered Ray) 

Raia spinosa 

Squatina congelus (Monk-fish) 

Syngnathiis (several species) 

Anguilla conger (Conger) 

Lepidogaster cornubiensis (Cornish Sucker)., 


Solea vulgari.s (Sole) 

Rhombus punctatu.s, young (Muller’s Topknot) ... 

Platessa 

Motella vulgaris (Tliree-bcarded Reckling) 

Mcriangus polbichius (Polhick) 

Morrhua lusm (Bib, or Whiting Pout) 

Morrhua minuta (Bower) 

Morrhua vulgaris (Whiting) 

Clupca harengus (Herring) 

Alosa finta (Shad, Maid) 

Belone vulgaris (Garfish) 

Scomboresox saurus (Skipper) 

Labrus maculatus (Ballan Wrasse) 

Labrus mixtus, d & 9 (Cuckoo Wra.sse) 

Crinilabrus melops (C’orkwing) 

Crinilabrus rupeslris (Goldsinny) 

Acantholabrus eioletus (Rock Cook) 


Gobius niger (Rock Goby) 

Qobius ruthiusparri (Two-spottx^d Goby) 

Gobius unipunctatus (One-spotted Goby) 

Blennius montagui (Montagu’s Blenny) 

Blennius gattorugine (Gattorugine) 

Blennius pholis (Shanny) 

Murajnoides guttaUi 

Mugil capito (Grey Mullet) 

Atherina presbyter (Smelt) 

Zeus fal)er (Doree) 

Cupros aper (Boar-fish) 

Scomber scombrus (Mackerel) 

Pagellus e^ntrodontus (Bream) 

Gasterosteus spinachia (15-8pined Stickleba<'k). 
Cottus bubalis (Lucky Preach) 


Aspidaphorus cataphractus (Armed Bullhead) . 

Trigla cueulis (Ri'd Gurnard) 

Trigla hirundo (Tub-fish) 

Trigla gumardus (Grey Gurnard) 

Mulus surmuletus (Surmullet) 

Trachinus draco (Greater Weever) 

Trachinus vipera (Viper Weever) 

Serranus cabrilla (Comber) 

Labrax lupus (Bass) 


1 Frequency. ; 
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' Common. i 

1 Common. i 


' Common ' 

Sound. 

Common ' 
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Common ! 
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Most of these have been confined in the pond, where they generally appear 
to acclimatize themselves readily. The exceptions appear to be among those 
species whose habits are of an erratic character, as the Mackerel {Scomber 
scomhrusy Several specimens of this species have been placed in the 
pond, where the imprisonment alone seemed to operate prejudicially upon 
them. They appeared to roam from point to point, seeking an outlet ; but 
finding none, they one after another succumbed to their altered conditions 
and died. But other fish not only live but thrive well, apparently having no 
consciousness of any altered circumstances in their existence. These, from a 
constant and close inspection, will, I hope, furnish us with opportunities of 
recording notes of their habits and ways that cannot be obtained under less 
favourable conditions. 

The beautiful Blue Wrasse {Lahrus mivtus) has already given us an 
instance that is important in the history of its life, in the decided preference 
it exhibits in sexual selection. It was not until it had been observed in 
confinement that the Blue Wrasse and the Spotted Wrasse were known to be 
one and the same species. The male is very much more rare than the female, 
and is probably supposed to be more rare than it is, from the fact that those 
that have been confined in the pond at Plymouth a])pear to be losing the 
distinguishing colours and assuming that of the female as the summer time 
is passing on, so that there is much reason to believe that the beautiful deep- 
blue colour only exists, or at least is much more intense, during the pairing 
or breeding time. 

During this period the male has been seen to sdect its special favourite 
out of a considerable number of females congregated in the ])ond, and faith- 
fully accompany her as she swam about from place to place. I n ac(rordanee 
with this same observation, Mr. Alford Lloj’d, of the Crystal- Ibilace Afpiarium, 
informed me that when at Hamburg he hud noticed this peculiarity, aud first 
dyew my attention to it. He said that having a very handsome sj)ecimen of 
the Blue Wrasse, he placed him into a tank of water alone : iimtead of 
sonducting himself like an orderly fish and swimming quietly, he for some 
time swam eagerly about in search of change ; but not finding it, he took the 
unusual freak of jumping out of the tank ; this he did two or three times. 
Fearing to lose him, it was determined to put another in with him ; and a 
female specimen was selected. This appeared to have no wry favourable suc- 
cess, for the Blue Wrasse most ungallantly chased her about, and tried to drive 
her from his presence. Another female was selected, with the same result. 
It was then determint?d to place the original specimen into a tank in which 
there were several swimming peacefully about, among which were many un- 
selected females. Immediately the transfer was made, the animal swam 
amongst the forlorn group and fixed on one, by no means the handsomest of 
her sex, and selected her as his mate. With this one he was returned to his 
own tank; and here he conducted himself in a peaceful manner, never 
attempting again to jump out of the tank in which he was confined. 

I have also to record the capture of a specimen of the Bogue {Sparus hoops, 
L.), 11^ inches long; when it was brought to me it was in a very beautiful 
state of preservation. Of this species there have been but two or three speci- 
mens taken, and these scarcely so fine as the specimen now recorded. It 
was taken in a trawling-net, and brought in alive, but did not survive its 
capture. The specimen is preserved in the collection of the Museum of the 
Plymouth Institution. 

Mr. Brooking Bowe informs me that in July last a specimen of the German 
or Long-finned Tunny {Orcynus aJalonya) was taken in the Laira estuary, 



ON THE FAUNA OF SOUTH DEVON. 


51 


near Plymouth. It was 9 feet long ; the tail, from tip to tip, was 2 feet 
11 inches wide; the girth 5 feet 11 inches; it weighed 800 lbs. This is, 

I believe, only the fourth example mentioned as having occurred in Great 
Britain. 

On the 6th of September last I hud brought to me a small fish (living) 
about three quarters of an inch long, of a purple-black colour, with the 
exception of the caudal, posterior dorsal, and postanal fins ; these were so 
transparent as not to be visible without extreme care while the animal was 
in the water. The head was large, with the upper jaw slightly protruding 
over the lower. The head was elevated between the eyes, and three sharp 
spines were present on the pos ter o -lateral margin, just above the gill-covers; 
a row of small spines were visible on each side of the posterior half of 
the body, and three large spines are implanted at the lower base of each 
lateral fin ; but the most striking peciiliariU of the animal exists in the large 
size of the fins themselves, particularly the laterals. There are four, two 
upon each side ; they are narrow at the base, where they are connected 
with the animal, from which point they gradually, but rapidly, increase in 
width and h^ngth, until the latter is about one third of the length of the 
animal, and the former muio than ecpiul to its depth. 

An examination of its details with that of known species has led me to 
the conclusion that it is a young specimen of the Grey Gurnard {TrUjla 
(fiirnardHS). 

CUUSTACKA. 

Among the Crustacea 1 liave UvS yet Iml little to rei)oit, some observations 
on the earlier development of tlie Homanis having been inUTfered with by 
the loss or robbery of some H[)eeiinens tliat 1 had retained m 8])ecial crab- 
pots some fathoms under water. This has deferred the opportunity until 
another seiison. 

There are, liowev(‘r, two subjects of interest that miglit be here alluded to. 
The first is the (hn-rease that is pereej)til)le in the numbers of the edible 
species of Crustacea. This is the more aj)]»irent in the littoral than in the 
deop-sca forms, and is likely to he more felt with the rapidly increasing 
prices of articles of consumption. The circumstarn e no doubt arises from 
the custom of destroying the females as well as the males at all seasons of 
the year, and of the ])refcrcnce given for cnlinary purposes to the female 
lobster (llomctrus nuirimis) when heavy witli Hj)awn. Tlie increased value 
of the animal makes it eagerly sought after by fish(‘rmen. 

But there is not even this excuse for the capture of the female cruh (Oamer 
patjurus). T]i(‘ inarketahlo value, as ('orn])ared with the male, is at legist one 
fifth ; this arises from the smaller size of the animal as a whole, and of their 
claws in particular. But they are captured in greater numbers, and are eon- 
80 (iuontly wantonly destroyt.'d, being freipiently hawked about the streets for 
a very few ])ence apiece. It ap[>oar8 to me that there could scarcely be any 
hardship inflicted, even temporarily, upon “ shell -fishermen ” if they were in- 
terdicted from taking the female lobster during the 8])awning-scason, that is, 
from Kehniary until May, and that of the common crab at all. 

1 am aware that this suggestion is open to flic remark that the lobstiT and 
the crab arc so prolific that the iiuinber of ova that each hatch in a season 
is in the former several hundred thousand, and in the latter more than a 
million at a time, and that tluvse very large numbers would within a short 
period soon stock all the bays of our coast. To this I would reply, that in 
all those forms of life where the ova are most abundant, the development of 
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that species is least in proportional quantity. This is true of crustacean 
life as well as that of other forms ; and I think it worthy of consideration, 
particularly by those who, as a crucial test in the theory of evolution, demand 
the exposition of a series of successional forms of life ; they should remember 
that of the lobster, common as it is around our coasts and in our markets, 
there is not a fisherman or observant naturalist who has yet seen that 
stage in its life which unites the animal as we know it with that which we 
have seen it when it quits the egg ; that is, no one has seen or knows any 
thing about the animal between the time when it is half an inch and the time 
when it is four inches in length. That which is true of the lobster, is likt;- 
wise true of all the higher forms of Crustacea, excepting only that of the 
common littoral or shore-crab {Carcinns mcenas). 

The second circumstance that I wish to notice is one that has been eluci- 
dated by observation in the aquarium. I have several liuies observed that a 
specimen of Pagurus, or soldier crab, will seize hold of the shell in which 
another, generally smaller, specimen of the same species is dwelling. I 
supposed that the larger animal was covetous of the shell in which the 
smaller dwelt. I have seen them, as I thought, endeavour to take posses- 
sion of such occupied shell, until their soft and tender body received such a 
pinch from the previous possessor as compelled them hastily to ndrace their 
steps. 

Mr. Alford Lloyd has written in my note-book the following semtenee : — 
‘‘In the spring of the year, in the Hamburg Aquarium, I have sem* the male 
of this crab take hold of the shell in which a feniale is contained, and carry 
her about for weeks together, grasping the thin edge of htT shell (as of a 
Buccinum)) and when the female is fed the male does not take away the 
food, as he would if a male were so fed in his vicinity.” 

I would here like to state that the preservation of (yrustac(‘a by keej)ing 
them in glycerine for a few days, and then drying them, will be found to be 
a very superior plan to that of spreading them out. without any i)reparation. 
I have specimens that have been treated two or three years with glycerine 
that are as flexible as a fresh crab. It will ho ladter of course that as much 
of the soft parts should be removed as possible. I have also been trying, 
and I think with success, to preserve fish in the same way. A s})ecimen of the 
Bogue {Spams hoopSy L.), taken more than two months ago, is as fresh in colour 
and as flexible as when captured, excepting the eye, wliich was in a partbilly 
decomposed state when placed in the glycerine. I thijik, when further exp(‘ri- 
ments have confirmed the fact, that with or without admixture with another 
medium, glycerine may aflbrd a very valuable addition to the preservative 
agents of our museums. 

Among the Mollusca we have to record the capture of many specimens of 

Eledone . This has generally been supposed to be a rare species on 

our coast ; but we find that Octojms I'algarisy the sup])osed common species, 
is the more difficult to obtain. Both these appear to live well and happily 
in captivity ; so also does Sepia afficimdis, 

Mr. Rogers, who has charge of the pond at Plymouth, and is a moat active 
and zealous collector of marine animals, tells me that two specimens of this 
last-named cuttlefish were placed in the pond on the 8th of June, 1871. 
They continued doing well until the 24th, when they were seen to be in 
copula, head to head, arms interlaced, and remaining stationary, resting on 
the bottom for about twelve minutes, then separating. On the 2(>th the 
male was killed by a dog, which seized it when iu shallow water. These 
creatures were rarely seen far apart, usually following each other in every 
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direction, swimming with equal ease either backward or forward ; they were 
never seen to feed, but always appeared to be in search of food, after the manner 
of the Wrasses, moving slowly round the sides of the pond and rocks, thrust- 
ing tiieir heads into holes and crevices : wlicn disturbed, they darted through 
the water with great swiftness. 

The female died on the Gth of July, and on being opened was found to be 
in very good condition, and to contain a large quantity of ova. 

1 have been taking stei>s to have within the cave behind the pond a case 
w’ith a glass front so constructed as to enable us to watch the habits of 
animals with the greatest care. The water in this pond is several degrees 
lower in temperature than that in the tanks of the Crystal-Palace Aquarium, 
a circumstance that w’ill enable us to study marine life under still more 
natural conditions. I believe tliat students of marine life wdll find tliis pond 
to be a valuable instrument for the carrying out of prolonged researches 
in the examination of structure or the development of animals ; and they wTll 
find in the kceptr an ever willing and obliging assistant and cooperator. 

1 cannot close this Pe])ort without expressing great regret at the loss 
of our old friend and fedlow naturalist, Jonathan Couch, of Polperro. He 
was a close observer and zealous lover of nature, and only w^anted the advan- 
tages of a less secluded life to have placed him among the foremost of our 
naturalists. He died at a ripe* old age, and, 1 am sorry to say^, has left a 
wddow and three children in the greatest straits of poverty, to assist whom 
would be a kind and generous testimony to a long and w^ell-spcnt life. 


Preliminary Report of the Committee appointed to construct and print 
Catatoynes of Spectral Rays arranr/ed upon a scale of Wave -numbers^ y 
— the Committee consist iny of I)r. Hriniixs, Mr. Lockyeii, Professor 
Reynolds, Professor Swan, iiiul Mr. Stoney (Reporter). 

The ref(‘r(‘ne(‘ of sp('ctral lines to a standard scale of w'ave-iiumbors, instead 
of to a scale of the wave-lengths in air of a given j>r<\ssure and temperature, 
or to any of the other scales in use. has very marked advantages. The scale 
of waive- numbers furnishes io tJu theovitiatl i)i(nnnr the ratios bctw'een waive- 
lengths, which are what he chiefly wants, in the simplest and most conspi- 
cuous f(»rm, since a smies of rays of which the wavo-loiigths are in geome- 
trical proportion will he repri siaited by eipiidistant lines upon the map. No 
piM'son who has not eneonnt(‘r(‘(l the task can eoneidve liow tedious it is to 
carry on a tlu'oretieal investigation w ith any other scale. And to the observer 
the scale of wave-nnmhors otfers the advantages which have been wtU stated 
by Professor C. A. Young in the folloAving wnmls : — “An accurate chart of 
the solar spectrum on w’hieh the lines shoidd he mapped according to ‘ inverse 
wave-length,’ proposed by Pai)tain Herschel himself, 1 believe, as well as by 
Mr. tStoney and others, w ould sufHeiently resemble the spectrum seen in a 
spectroscope to he eipially convenient in the ohsc'i vatory with that of Kirch- 
lioff, and would be free ft’om the reproach of arbitrariness and irregularity 
in its scale. Such a chart w^ould be most gladly w'eleomed by all^^spcctrosco- 
pists, and w^ould immediately supersede those of Kirchhoff and Angstrom.” 
(See a letter from Professor Young in ‘ Nature' of the Gtli June, 1872.) 

♦ The term wove-numhers appears preferable to the equivalent term “ inverse wave- 
lengths” which has been hitherto used. 
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Accordingly, your Committee decided on reducing to wave-numbers all the 
wave-lengths, whether of solar lines or of the rays of incandescent vapours, 
which have been determined with sufficient precision. Mr. Charles E. Burton 
has offered his services gratuitously for making the necessary reductions, and 
has made considerable progress with the solar spectrum, the greater part of 
which is now nearly ready for the press. 

A specimen of the catalogue of solar lines is appended to this lleport, 
containing the lines from E to b. It is intended that this catalogue shall 
contain in a compact form all the most useful information that is ^ available, 
viz. : — References to the position of each line on Kirchhoff’s and Angstrom’s 
maps, details of the process by which the standard wave-numbers have been 
deduced, and indications of the intensity, width, and origin of each ray 
wherever these have been determined*. The rays will, moreover, bo 
bracketed into the groups which strike the eye in looking at the spectrum, 
and a number will be assigned to each group which will sufficiently indicate 
its position on the standard scale. 

Your Committee have as yet only incurred an expenditure of .£4 for books, 
maps, and preliminary printing. This leaves a balance of .£ 10 in their hands 
out of the grant of £20 placed at their disposal last year. 

It is estimated that the two catalogues which the Committee propose to 
publish (the Catalogue of the Principal Tines of the Solar S{)ectriini, and the 
Catalogue of Rays of Incandescent Vapours) will cost about 1*00. This docs 
not include the cost of the charts, which ought to accompany the catalogiu's 
in order to render them comj)lete. The charts would increase the entire sum 
to bo expended, including the grant already made, to about .£120; but a 
portion of this sum would return to the Association in the form of the pro- 
ceeds from the sale of the catalogues and charts. 

Y'mir Committee think that they could render the second catalogue more 
perfect if they were in a position to employ a eom])etent pei'sori to r(‘\ise and 
extend the dcterminalions of the rays of incand(‘seent vn]>onrs ; and they 
therefore suggest that this revision be made a part of their functions, and 
that an addition of loO be made to the grant for this purpose. This would 
increase the si^m to be granted this year to 1150. 

The Committee accordingly recommend that tliey be reappointed, ami that 
this sum be placed at their disposal, in addition to the balance' at present in 
their hands. 

Appendix. 

Sj)ecimen of a Catnlof/ne of the Pnnnptd Doric Roffs of the vfsihfe port if the 
Solar Spectrum f containlmj all the Jluj/s ra filtered htf KIrchhoJf and 

An(/str’6m, arrouf/ed on a scale of Sta to lard, Wave- N ambers , (The Sp()- 
cimen contains the Rays from E to b). 

Column 1 gives the position ou the Arbitrary Scale atiafluHl to Tvirchhoft"s 
maps. 

Q Column 2 reproduces the wave-lengths in^ionth metres as de^termined by 
Angstrom, after applying to the numbers of Angstrom’s list the small cor- 
rections which he indicates at p. of his memoir, “ Le Sp<ictre Normal du 
Soleil.” The wave-lengths of this list arc wave-lengths in air of 7d0 rnillims. 
pressure at Upsala, and 16® C. tempernture. 

Column 3 contains the reciprocals of the numbers of Column 2, eai'h mnl- 

Mr. Burton intends to revise the more refrangible part of the spei’tnirn, and to flnpply 
the intensities and widths of the lines of this portion, which was not includeci in Kirchlioff.s 
investigation. 



ON CATALOGUES OF SPECTRAL RAYS. 55 

tiplied by 10^. Each number in this column is accordingly the number of 
times that the corresponding wave-length in air goes into one millimetre. 

Column 4 contains the correction for the dispersion of air of 760 millims. 
pressure and 16° terajxjrature, deduced from Kettcler’s observations (see Phil. 
Mag. for IS6(), vol. xxxii. p. 336). 

Column 5 contains the Standard Wave-numbers, i e. the number of waves 
per millimetre in vacMo* 

C’olumn 6 indicates the intensity and width of each ray as determined by 
Kirchhoff, (J being the most intense, and g very wide, viz. about 0*15 of one 
degree on the Scale of Standard Wavo-n umbers. 

Coliiinn 7 enumerates the substances whieli have been found to emit bright 
rays coincident with solar linos, and contains some otluT remarks. 

Column 8. In the last column the rays are bracketed into the groups 
Avhich strike the eye in looking at the sp(‘ctrum, and to each group is assigned 
a number whi(di sullicicMitly indicates its position u])on the Standard Scale. 
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Third Report of the Committee appointed to consider and report on the 
vartom Plans proposed for Legislating on the subject of Steam-Boiler 
Explosions with a view to their Prevention, — the^ Committee con^ 
sisting of Sir William Fairbairn, Bart,, C,E., F,R,S., ^c,, John 
Penn, C.E., F.R,S., Frederick J. Bramwell, C.E,, Hugh Mason, 
Samuel Rigby, Thomas Schofield, Charles F. Beyer, C,E., 
Thomas Webster, Q.C., Edward Easton, C.E., and Lavington 
E. Fletcher, C.E. 

When the Committee presented their last Report on the subject of Steam- 
Boiler Legislation’* to the Meeting of the British Ajssociation held at Edin- 
burgh, it was fully expected that the measure, having for its object the pre- 
vention of Steam-Boiler Explosions, which was then before Parliament, 
having been introduced by John Hick, Esq., Member for Bolton, as the 
result of the inquiry by the Parliamentary Committee which sat upon this 
subject during the Sessions of 1870-71 — it was fully expected that this 
measure would by this time not only have passed through Parliament, but 
also have been in active operation, so that some practical results might have 
been arrived at. Such, however, has not proved to be the case. The Bill, 
though read a first time in the House of Commons late in the Session of 1871, 
and reintroduced this year as early as the 7th of March, has not yet passed 
a second reading, having been postponed from time to time. It was thought 
better to wait the maturity of Mr. Hick’s Bill before assembling the Com- 
mittee for consultation ; but this course, though considered advisable, has, 
owing to the delay just referred to in the progress of the Bill, prevented the 
Committee completing their report for presentation at this Meeting of the 
British Association. Under these circumstances they request an extension of 
time, and suggest their reappointment for another ycar,jvhen they hope to 
complete the task assigned them. 


Report of the Committee, consisting (/James Glaisher, F.R,S., of the 
Royal Observatory, Greenwich, Robert P. Greg, F,R,S,, Alex- 
ander S. IIerschel, F,R,A,S,, and Charles Brooke, F.R,S., 
Secretary to the Meteorological Society, on Obse^watiom of Lumi-' 
nous Meteors, 1871-72 ; drawn up by Alexander S. Herschel, 
F.R,A,S. 

Among tho objects whoso special promotion it was suggestedin the last Report 
that the Committee would undertake by combined observations during the past 
year, the attention of observers at several stations in Scotland and England 
woU used to accurate and systematic registry of shooting-stars was, as in 
former years, frcquenlly not unsuccessfully directed, at the request of the Com- 
mittee, towards recording the appearances of shooting-stars visible on tho 
annually recurring meteoric dates in August, October, November, December, 
January, and April, 

Tho August meteors wore somewhat more brightly visible last year than 
commonly, on tho two successive nights of the 10th and 11th of August, and 
the clearness and darkness of the sky enabled a more than ordinarily large 
number of meteors to bo carefully observed. From a long list of meteor-paths 
1872. F 
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recorded both at the Eoyal Observatory, Greenwich, and by the observers for 
the British AssocUtioii, the heights of twenty meteors of the shower visible 
on the different nights of its reappearance were calculated, and several other 
meteors ^ere identified as having been doubly observed whose real paths have 
not yet been computed. The position of the radiant-point of the shower* was 
found to be, as recently pointed out by Mr. Hind in a letter in * The Times ^ of 
August 8th, more northerly than hitherto, at a point in K. A. 36®, W. Decl. 69®, 
three or four degrees north-westwards from ^ Persei towards c Cassiopeise. 

A few meteors of the October shower were visible on the 19th of October 
last ; but the sky being overcast, with stormy weather, on other nights of the 
shower, the time and rate of frequency of their fall at the maximum intensity 
of the shower could not be ascertained ; and from the few recorded meteor- 
tracks only a roughly approximate position of its radiant-point was obtained. 

The condition of the sky was generally little more favourable for observa- 
tions in November and December than in October ; but on the morning of 
the 13th of November a clear view of the Leonids was obtained both at 
Stonyhurst College and at the Royal Observatory, Greenwich, while on another 
following morning, that of the 15th of November, they were also well seen 
by Professor Herschel at Newcastle-upon-Tyne ; and their abundance on the 
latter date was considerably greater than that of the unconformable meteors 
from all parts which appeared at the same time with them. The distribution of 
the November meteor-group along the ring which forms its orbit being at pre- 
sent unknown, the watch for the return of the Leonids this year will be renewed 
for the purpose of comparative observations of their greatest rate of frequency 
in successive years. N o accordant observations of single meteors appear to have 
been recorded either during the October or November star-showers. 

At most of the corresponding places a clear view of the December shooting- 
stars was obtained on the night of the 12th, while the sky was everywhere 
completely overcast on the 13th. Meteors appeared at the rate of ten or 
twelve per hour for one observer from the direction of Gemini ; and the posi- 
tion of the radiant-point in this constellation could be pretty correctly ascer- 
tained by the meteor-tracks recorded on the night when they were principally 
observed. This appears, as in former years, to have been near 0 Geminorum. 

On the night of the 2nd of January a favourable state of the sky permitted 
a considerable display of the January meteors to be seen at several of thO 
corresponding stations, and to be simultaneously recorded at the Royal 
Observatory, Greenwich. The star-shower continued with about equal 
brightness until daybreak on the morning of the 3rd of January ; but a cloudy 
sky on the night of the 3rd everywhere prevented the close or a continuation 
of the shower from being seen. In this and the December meteor observations 
several examples of doubly observed shooting-stars were found, of which, with 
those of some other similar observations contained in these descriptions of th^ 
jneteor-showers of the past year, the heights will be immediately calculated. 
The radiant-point of the J anuary star-shower appears not to have altered its 
place sensibly in the interval since its last principal appearance in England 
on the 2nd of January, 1864t. 

The' last meteoric shower of the past year which was successfhlly watched 
for by the observers was that of April 19th, 1872, when a few conspicuous 
meteors, radiating from the direction of Lyra, were recorded at nearly all the- 
stations, and also at the Royal Observatory at Greenwich, and, under the direc- 

Which appears, from the few pbwrvations of the shower on the 9th and lOth inst# 
( AUttist 1872), to hare very nearly maintained the Same position in the present year, 

T See the rolnme of these Reports for 1864, p, 98 *. 
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tion of the Rev. R. Main, by Mr. Lucas at the Radcliffe Observatory at 
Oxford. The watch at the latter place was continued during the night of the 
19~20th of April until the morning hours, and the LyraVds continued to be 
more and more abundant until daybreak. The position of the radiant-point 
was close to that found in the former observations of 1864^. The prevalence of 
some other radiant-points of shooting-stars chiefly producing, it appears, bright 
meteors during the months of March, April, and May was discernible ; and the 
heights of two bright meteors from different radiant-points that appeared on 
the night of the 19th of April will be approximately obtained from double and 
triple observations of their apparent paths which were then recorded. 

The heights of some large meteors seen on other nights of the year have 
also been determined with some certainty from corresponding observations of 
them at distant places, of which a short description is given, with that of the 
principal observations from which they are derived. Large meteors have been 
seen in more than ordinary numbers during the past year ; and the informa- 
tion respecting several of these meteors which has been received by the Com- 
mittee is included in a general list in continuation of some former notes of 
meteors of the largest class. But two aerolites appear to have fallen during 
the years 1871-72 ; the first at Searsmont, in the United States, on the 21st 
of May, 1871, and the second in November, 1871, at Montereau, in Prance. 

At the conclusion of the Report the contribution of some recent valuable 
additions to meteoric literature by the Italian astronomers and observers of 
shooting-stars. Prof. Schiaparelli and Signor Denza, in combination with a 
weU-known repfesentative of meteoric science in Germany, Ur. G. von 
Boguslawski, is briefly noticed and described ; and in the last place a long 
list of radiant-points placed in comparison with each other in a single Table 
by Mr. Greg at the close of this Report, forms a complete comparative indexf 
of the epochs and positions of aU the meteoric showers included in the 
general fists hitherto published for the northern hemisphere. 

Great improvements of this Table will, it cannot be doubted, be made by 
reducing the many meteor-tracks, of which, since the appearance of the last 
printed meteor- catalogue in these Reports, a large number of descriptions have 
been received. To enable them to accomplish this undertaking, the continu- 
ation of the Committee’s operations, and of a grant to support them in execu- 
ting charts and tracings, is earnestly recommended to the British Association. 
The watchfulness of observers on every fine night when favourable opportu* 
nities present themselves for recording the occasional appearances of shooting- 
stars, in order to contribute fresh materials for the same purpose, is once more 
appealed to, in addition to the nights of annual recurrence of meteor-showers, 
of which, as before, due notice will be regularly communicated to them by the 
Committee, and suitable means will bo furnished to them to enable them to assist 
these objects by their observations, to which their attention will again he in^ 
vited at the returns of the several meteoric epochs, as in former years. 

1. Meteors dottbly observedi 

Among tfie meteors observed during the simultaneous watch for the annual 
meteor-shower of August, December, January, and April, in 1871 and 1872> 
several accordant observations of individual meteors were found, enabling 
their real heights to he satisfactorily ascertained. A list of such accordances 

* See the volume of these Reports for 1864, p. 98; 

f Au equally extensive list by Ur. J. F. Schmidt, of AtheUI (Astronomisdhl^ NftdhHchti&ti, 
iTo; 1768, 1809)» unknown to the Committee when the accompanying Table Was com- 
ia, for the present, omitted from its comparisons. 
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on the nights of tho 10th and 11th of August, 1871, with the results obtained 
from them as computed by Professor Herschel, appears in the * (iuai;jkeiiy 
Journal of the Meteorological Society’ for November 1871, from which tho 
annexed figure is copied, showing the real heights of first ax^pcarance and of 


Reference numbers. 

1 2 3 4 5 0 7 8 9 10 11 12 13 14 15 16 17 13 19 20 


Ave- 

rage. 



Real Heights of twenty Shooting-star.^, doubly observed in Kngland on the nights of the 
0th to 12th of August, 1871, above the surface of tho earth. 

disapjiearance of twenty shooting-stars of last year s August shower, togidlu^r 
with their average real height. On comparing toget-luT tho actual hori- 
zontal distances from the oliservers at which their apparent- 
appearance had been accurately recorded, it appctirs that a circle U)0 miles 
in diameter represented a field of view 'within which four fifths of all the 
terminations of tlic meteors’ visible paths were seen and recorded ])y the 
observers, mopping their apparent courses at- its centre; and that, on tlie 
average, three or four times as many accordances of observations arc likely 
to be obtained by observers at stations separated from each otlier by distance's 
of between forty and eighty miles, as at places cither nearer to or more distant 
from each other than about these limits. 

The average heights of the meteors thus observed above the earth’s surface 
was 86 miles at first appearance, and 52*5 miles at disappearance ; llic average 
length of path 46 miles, and the average velocity of nine Pcrscids contained 
in the list 51 miles per second. The difficulty of estimating exactly tho small 
duration of their rapid flights, and a tendency, by aligning their apparent 
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courses with the brightest neighbouring fixed stars, to overstate rather than 
to underrate the apparent length of their visible flights, will perhaps account 
for the excessive real velocity of the Perseids obtained in these results of the 
simultaneous observations. The velocity of a single meteor of the shower, 
as bright as Sirius (the first meteor shown in the diagram), unconformable 
to Perseus, and directed from the radiant-point in Pegasus, was somewhat 
more exactly obtained, both its apparent path and its duration being very 
carefully observed by Mr. Wood at Birmingham and Mr. Clark at York^ 
whose observations were in excellent agreement. The real length of the path 
of this meteor was ^38 miles, and its resulting real velocity was 19 miles 
per second. 

On comparing together the observations of the shooting-stars recorded at 
Greenwich with those seen at the British- Association stations during the 
same August shower, several perfectly accordant observations were found on 
the night of the 11th; and but few satisfactory identifications of meteors 
doubly observed on the night of the 10th of August, excepting that of the 
brightest (at 10^ 51“ p.m., as noticed in the following descriptions of the 
shower), could be detected. The following list contains a general description 
of the various shooting-stars which appear to have been doubly observed at 
the Boyal Observatory, Greenwich (and by the observers at other stations), on 
the night of the 11th of August, and on the other nights of simultaneous watch 
kept for the reappearance of the annual meteor- showers which have been 
visible during the past year, 

A few double observations of shooting-stars are also contained in the accom* 
panying list of bright meteors, and in the detailed accounts which will shortly 
be given of the observations of the meteoric showers. The meteor No. 7, 
whoso real height is figured in the above diagram from observations at York, 
at Hawkhurst, and in London, was also seen at the Eoyal Observatory, 
Greenwich, and its apparent path was there recorded at 11** 14“ 59* p.m. 
on the 11th of August. The redetermination of the real height of this 
meteor by comparison of the new observation with the former ones, and the 
computation of the several meteor-heights to be derived from the additional 
observations contained in this lleport, will alford interesting materials for 
future consideration. 

The last meteor in the accompanying list, on the 19th of April last, will be 
seen to have been triply observed at York, Wisbeach, and Hawkhurst. The 
heights determined from the observations at the fii’st two places are 66 miles 
at first appearance, and 41 miles at disappearance. But if the observation at 
Hau'khurst is correct, the meteor probably moved at an elevation of not more 
than 50 or 55 miles at first appearance and 30 or 35 miles at disappearance. 
From the former observations the length of its visible path was 90 miles ; but 
in the latter case it would not exceed 70 miles ; and if the observations at York 
and Hawkhurst only are employed, as atfording the widest parallax, it would 
be somewhat less. The duration of its flight was probably underestimated at 
York at half a second, and overestimated at Wisbeach at 3 seconds. The ave- 
rage duration is 1| second, giving the probable velocity of the meteor not more 
than 40 miles per second ; while the actual velocity of the Lyraids, calculated 
from the astronomical theory of the great April meteor-group, is 30 miles per 
second. The recorded paths of this member of the shower diverged very ex- 
actly from a common radiant-point between ir and Q Herculis, about 20® from 
the usually observed centre of divergence of the meteor-group in Lyra. 

The estimated height of a bright meteor seen on the 3l8t of August last 
was also obtained from accordant observations of its apparent path at Boss 
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\n Herefordshire and at Hawkhurst, as will shortly bo noticed in its particular 
description. The confirmations of the astronomical theory of large meteors 
^d shooting-stars, and the advance of our existing knowledge of the laws 
that regulate their courses, characteristic rates of motion and appearance, and 


Shooting-stars doubly observed during the Annual 


Date. 

Hour. 

Place of 
Observation. 

Apparent 
Magnitude, 
as per Stars. 

Colour. 

Duration. 

1871. 
Aug. 11 

n 

h m s 
10 6 0 

Ilawkhurst 

3rd mag 


10 6 53 

Royal Observa- 
tory, Greenwich. 

1st mag 

Bluish white . 

0*7 second ... 




11 

10 11 0 

Hawkhurst 

1st m.ag 



11 

10 12 7 

Royal Obsen'a- 
tory, Greenwich. 

2nd mag 



Bluish white . 

1*0 second ... 

11 

10 14 30 

York 

i 

From 1st mag. to Red 

size of ’ 

1*5 second ... 

11 

10 15 9 

Royal Observa- 
tory, Greenwich. 

Blighter than 11... 

Bluish white . 

1*3 second ... 

11 

11 0 30 

Bolton, Cheshire! 




11 

11 0 43 

i 

Royal Observa- i 
tory, Greenwich. 

1st mag 

Bluish \\hit(i . 

0*7 second ... 

11 

11 14 69 

Ibid 

1 

Brighter than Isi- Bluish W’hite . 
mag. ^ 



More tlian 1, 
second. 1 

11 

11 16 0 

Regent’s Park, 

lot mag 

Blue 




London. j 



11 

11 

11 16 0 

11 26 0 

i 

Birmingham ...; Brighter than Ist- 
1 nrag. * 

1 

Green PS second ... 

11 

11 26 23 ; 

Royal Observa- 
tory, Greenwich. 

mag. * 

ht mag 

Yellowish 

1 u sccunu ... 

1 second 

11 

11 31 0 

Ilawkhurst 

~ll 



11 

11 35 45 

Royal Observa- 
tory, Greenwich. 

Brigliter than ht- 
inag. ^ 

i 

1 

Bluish wliitp . 

1 

! 

i 

1 

1 

1 

1*5 second ... 

1 

! 


Position. 


«= f = 
From .3 15° +80'' 
to 216 +65 
From the direction 
of 6 Cassiopeia?, 
j)assc(l in direc- 
tion of 0 Cygni. ! 
c - - 

From 265°+62° | 
to 217 +45 ' 

From direction of 
y Cygni siiot a- 
cross 5 ISagitlas. , 
a- ? « I 
From 326 + 8° | 
to3U‘5-12 


• Passed about 3® 
above b Lyncis, 
from the direc- 
tion of c Came- 
lopardi. 

a - - w • 

^iom29.1°+33° 
to 28 +25 
.’rom direction of 
f Cassiopeiic pas- 
sed across ^ Per- 
soi. 

Veross ^ UrsDC Ma- 
jori8tol2Canum 
Venaiicoruni. 

a - 

From 180 ’ + 76' , 

to 101 +51 I 
From 8° +56° 
to 210 +58 I 
From 350 ' + 77 ° I 
to 265 +71*5 I 
om (• l+},jc Ma-, 
j^o'is. Fell to-' 
''■ards horizon. 

« - r ) ! 

From 350 ’ + 76' ! 
_ to 27 +60 i 
roiii rlireolion of 
K Andromcdic 
passed about I'’ 
to the right of 
Andromedie. 
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tlio dates of their greatest frequency, may bo greatly assisted by the accounts 
of those who are favourably situated to observe them, even without the special 
accuracy which should yet always be aimed at in descriptions of those hiflicrto 
but partially investigated phenomena. 

Metcorio Showers recorded in the years 1871 and 1872. 


Length of 
Path. 


Appearance; Remarks. 


Observer. 


. Left a slender streak Miss llerscheL 


10° Left a streak Wm. Marriott. 


12° I... heft a streak Miss Ilerschel. 


No streak T. MVight. 


22° i 'Train not bright, but Ir.Med 35 J.E. Clark. 

; seconds. | Identical with me-' 

I tcors at lIa\Nkliurbt, 10'* 14"', 

I i and liondon (Regent’s Paik), 

I ! lOM.V’’.] 

15° I heft a fine stre.ik, which remained T. M’right & Wra. Mar- 

! i I ^isible for 3 seconds. I riott. ! 


.‘No paiilculars of appearance rc- R. P. Greg. 
! curded. 


il.cft a streak Wm. Marriott. 


20° i heft a fine sircak iW, C. Nash. 


JPath imperfectly seen IT. Crumpicn. 


^ heft a long train on its course.lW. II. Wood. 

I I (Prom (i> Cephei to 0 Draconis.')! 

jlladiant-point c Ca^siopci.T ... (Prom y Cephei to Draconis)... Id. 

10° Pell towards the left at an in- l»cft a fine streak IM m. Marriott, 

j clinalion of 4.V. | 

: ! I , 

( From direction of Cygnusj l.cft n broad fine streak. (Pioin'Miss F. Ilerschel. 

! 1 y ('ep)ici to just below c C\'usi-j 

oiieiic.) I 

10° i[Frora direction of Cygnus] ... heft a magnificent streak. Wm. Marriott. 
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Date. 

Hour. 

Place of 
Obseivation. 

Apparent | 

Magnitude, j 
as per Stars. | 

Colour. 

Duration. 

Position. 

1871. 

Aug.ll 

h ni s 

11 46 no 

llawkhurst 

Brighter than 

1 


Slow speed . . . 





From 23°-f60° 




1 



to 8+02 

11 

11 46 56 

Royal Observa- 

Brighter than 1st-' 

Greenish 

L3 second ... 

From direction of 



tory, Greenwich. 

mag. 



(/) Persei pass- 
ed between p 







and l3 x\ndro- 
niedtC to S An- 
dromedm. 

11 

11 50 30 

Ilawkhiirst 

— 3rd ina" 








From 310'^ +30° 







to 355 +42 

11 

11 51 10 

Roval Observa- 

--1st mag 

Bluish white .1 second 

From a Pegasi in 



tory, Greenwich, 




direction of y' 
Pegasi. 

11 

11 54 35 

Ibid 

2nd mag 

Bluish white . 

0‘7 second ... 

From «c Draconis 






passed across 0 
Boiitis. 


11 

11 55 0 

lUriningbam ... 

3rd mag 







From 332'^ +57° 







to 310 +30 

11 

12 3 0 

Ibid 

3rd mag 


0*3 second ... 

From 286° + 20° 






to 278 + 6 

11 

12 4 4 

Royal Observa- 
tory, Greenwich. 


Bluish white . 

0'8 second ... 

Passed between /3’ 
and y llerculis 





1 



from the dircc-; 

; tion of ^ Hercu-' 

' liS. ; 



11 

12 29 0 

Ilawkhurst 

1st mag 

1 



; a- (^= j 

i 

1 




From 323 +51° | 




1 

1 



1 to 288 +20 ! 

11 

12 29 25 

Royal Observa- 

1st mag 

Bluish white . 

1’2 second ... 

i ^ ^ 

From 6 Cygni to y 



tory, Greenwich. 




1 Aquila;. 

Dec. 12 

10 13 0 

Tooting (near 

Faint 



! j 



London). 

1 

1 



From H0° + 9'5° i 





Llow 


1 to 71 +4-5 ! 

12 

10 17 0 

Ilawkhurst 

'2nd mag 



From 76° +28° | 


(time by 
watch, 
uncertain) , 




, to CO +23 1 

i 


1872. 

1 





' 1 

Jan. 2 

11 4 30 Roval 01)scrva- 

As bright as Jupiter 

Bluish white 

1 second 

!From a point hn-j 



tory, Greenwich. 



tween « and /i 
! Ursjc Majorisj 
passed in the di-' 









1 lection of 9 Au- 
rigjc. 1 

2 

11 4 30 

Eaton Square, 

Brighter than 1st- 

White 

1*5 second ... 

Disappeared at 



London. 

mag. K- 



(», u) Lyncis.l 
Course from y! 
Urs8cMajoris,be-j 
ginning 6® short 



i 




of that star. 

2 

11 5 30 

'Tooting, near 

Large 

White 





London. 




From 160® +55® 







to 135 +44 
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Length of 
I’alh. 


Direction. 


, 10 ^ 


Appearance; Remarks. 


Observer. 


Brilliant nucleus and broad train, Miss F. Herschcl. 
I (From the left of d CabsiopeiiU' 

I to beyotid y Cassiopeiae.) ; 

d.cft a splendid train Wm. Marriott. 


1 1 From Pegasiis'l 

[Radiant in Pegasus] 


I I 

Left no streak. (From Pegasi Miss F. Herschcl. 

j to below I, K Ahdronicdae.) j 

jLcft a streak .....jWm. Marriott. 


10 ° 


/l.cft a streak \V. C. Nash. 


.:(From head stars of Ce]»hcns to k^\\\ II. Wood, 
i Andromcdic.) 


. I From { (/S Cvgni, c- Aquil'.e) to i 


Id. 


10 ° 


Aqmhe, and 10° beyond that 
star. I 

.'Left a stieak \\. C. Nash. 


i ■ ! 

30° ..... Left a streak for \ second. Miss Herschcl. 

(.Mong the axis ot C\gnns,, 
and just south of il, as 
1 mapped.) j 

L('ft a Ncry line streak ,W. C. Nash. 


10 

20 ° 

i 

i 

i 

i 

j 


1 

i 


. 


Position probably correct xxithin ll. W. Jackson, 

; .j° each \xay. | 

I 1 

.'Left no streak. (From ] J. HersclicL 

I Tauri shot to a little belorx. 

! the Pleiades, disappearing 
! some degrees before reaching 
, them.) I 

Left a streak Wm. Marriott. 


Left no streak 'A. S. llei-schcl. 


Left a streak. Position, as‘H. W, Jackson, 
mapped, fairly well observed. 

(From a little south of to a 
little south of k Ursie Majoris). 
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Date. 

Hour. 

Place of 
Observation. 

Apparent 
Magnitude, 
as per Stars, 

Colour. 

Duration. 

Position. 

1872. 
Jaa. 2 

h m s 
11 29 0 

Hawkhurst 

"Sirius 



From about y Cas- 





siopeim towards 
a, Arietis. 

2 

11 31 0 

Eaton Square, 
Loiitlou, 

Brighter than 1st- 
mag. * 

White 

2 seconds 

From J («, P) Au- 
rigae to \ Tauri. 




2 

11 33 0 

Ibid 

3rd mag 

White 

1-1 second ... 

From ISO'+e-S” 
to 114 -6 





2 

11 33 0 

ilawkliurst 

= Castor 



Promll5H29° 
to 91 -f 4 






2 

U 54 0 

Ibid 

Ibt inag 



Fiom B Camelo- 





I 

1 

j pardi past » Per- 
sei, and past the 
Pleiades. 

2 

11 54 30 

Eaton Square, 
Loudon. 

= Sirius 

White, then 
! orange. 

2 seconds ' 

' «= 
from 96'^ 4-44° 
to 80 +10 

Apr. 19 

11 20 0 

Wisbeach, Cam* 
bridgeshirc. 

Ist mag 

'Vcllow 

1 

i 

3 seconds 

a s= 

from 232^73° 

; to 107 +C3 

19 

11 27 30 

Ilawkliurst 

1st mag 

1 

1 : 

i 

From 4.") '^+50'^ 
to 50 +50 

! 

i 

i 


1 

19 

11 28 0 

York 

"Sirius 

1 

Whito 

0’5 second ... 

From 228*5 ■’ + 29° 
to 203 +12 



i 


11. Lakot: Meteoks. 

In addition to the occurrences of this kind of whoso appearance aecountH 
were received by the Committee since their last lleport, tlic folio winp^ list 
describes some conspicuous meteors of which no particulars were contained 
in previous lleports ; — 

1. 1851, July 30, 8’' lO"' p.m. (local time).— Two days after the total 
eclipse of the sun in the north of Europe in that year, a largo fireball was 
seen in Denmark and on the coasts of the Baltic, in bright evening light ; 
and it was described in many of the contemporary local newspapers. The 
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Length of 
Path. 

Direction. 

Appearance; Remarks. 

Observer. 








A. S. Ilerschel. 



course. 

18° 


Left no streak. (From middle 

Id. 



of Hydra’s head to 3° above 



n Monocerotis.) 


About 25'^ ... 


Left no streak. (Commenced 

Miss F. Ilerschel. 



near /3 Geminoruin. Course 



three fourths of the way to a 




point 2^ or 3° under Orion's 




belt.) 

\ffcc T llAf*c/>nAi onii 



<tliu jlval ill iuol ) 

i left a long streak. 

1 

4*ilSi9 V* IlCroCMvl clIHi 

Miss M. U. Ilerschel. 


1 

Turned sharply in its course at' Brightest in first half of its 

<A. S. Ilerschel. 


a point 1° E. of Tauri, with 

course, then fainter and red- 

1 


a very slight deflection. 

dcr to disappearance, l^eft a 




streak on its whole course for 




lialf a second. 

J 

1 

10'’ 


1 

f.eft SL fitre.ik on its eoiirse for S. H. Millrr. 



5 seconds. Aj)pearance of thi 

: 



meteor at the third second of; 



, its flight (there ai)pcarcd to 



he a sort of vibratory motion 




^ in the train). 

i 

or 8’ 

Lvraid 

Parallel to and just above y, « 

Miss M. R. Ilerschel. 



1 Persci nearly from e Cassio* 

1 



j j»ei;c. 

1 

22" 

f.yraid 

Motion noticeably rapid. 

1 

1 

1 

jj. E, Clark. 


following distinct account, and accurate drawing of the phenomenon, from 
llic ‘Transactions of the Royal Danish Academy of Sciences,’ for 1800, show 
it to have been one of large size, perhaps aerolitic; and may afford a useful 
comparison with the descriptions of other eipially remarkable meteors which 
will, perhaps, bo known to have occurred on the same date of the year. 
Observation of the meteor:— Soon after sunset, in an almost cloudless blue 
.sky, th(^ first of four smokc-liko triangles (at tho point a in the figure) was 
observed to be formed, and the other cloud triangles were developed in 
succf'ssion, in about live seconds. In the jdaco of the fifth, and in a con- 
tinuation of tho same lino, an irregular column of smoko began to extend 
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itself, with much apparent commotion in the direction of the meteor’s flight. 
In the first quarter of its length no light appeared in it; but in the second 





Alt, 

1 ^ ^ 

n >7 n 



\ 

A h ^ 

\ 


m40 


\Nm 

\ 1 '^<iro\inA Itn,* af mtti'-x ut JSpaCt.S 
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and third it seemed to be mixed witli fiamc of rapidly increasing brightness ; 
and in the last third part of this portion of the meteor’s iliglit, its nucleus 
was plainly visible, of intense wbitenoss and brilliancy at the centre, and 
surrounded with duller red light toAvards the border, which was of tlie same 
width as the smoke-wreath. It hccamc extinguished at h, and from this 
point to c three more .small cloud triangles, like those first formed, were 
added in quick succession to its length. The earlier portions of the smoke- 
wreath had by this time entirely disappeared, the meteor taking not more 
than three or four seconds to produce the cloud column, which was {dso the 
time taken by this part of the smoke-wreath and by each of the cloud 
triangles to disappear; so that the whole duration of visibility of the pheno- 
menon was about fifteen seconds, tmmediatcly after its disap])earaiieo, the 
blue sky at that xdnee remained as clear and as bright as it had been laTore 
the meteor’s passage. The cloud-substance of the triangles first formed Wiis 
bluish white, like the .smoke of gunpowder, while that in the ujjper j)art of 
the smoke-column became quite dark as it disappeared. Jly marking the 
first and last points of the meteor’s course (a, c) Avitli reference to tlie 
houses of a neighbouring street, and pacing their distance from his point of 
view, the apparent path of the meteor, as it avus thus observed by ]Mr. 
"Winstrup, appears to have been ascertained as folloAVs ; — 

Point of commencement, a, altitude 7^ 52'" cast from south. 

Point of disappearance, c, altitude 30°, 19° east from south. 

Apparent length of the meteor’s course, a c, about 42°. 

Inclination of its apparent course to the borijicn, about 38°. 
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2. Ill tho ‘ Standard ’ of September 15, 1869, Mr. E. P. Bullock describes 
a remarkably bright meteor, which he saw at Cheltenham, at 10'* 8"* p.m., on 
the 12th of that month, passing rapidly, and with an extraordinary long 
course, orer a complete quarter of the sky. 

3. Tho following observations of rather bright meteors were communi- 
cated, with some of lesser magnitude noted during previous years, by Mr, 
J. E. Clark:— 

1869, September 20, O’* 40"* p.m. — A meteor about ^ of the apparent size 
of the moon was scon by Mr. A. K. Brown, Mr. S. P. Thomson, and by other 
observers, at Denbydale, near lEuddorsfield, of pale yellow light, apparently 
not much stronger than that of Saturn, and changing to red. It fell about 
15° in 2 ^ seconds, nearly vertically, to a point about 15° above the east 
horizon, followed by a streak or tail of sparks, which became redder, like the 
nucleus, towards the end of its course. 

1809, December 21, S'* 15'" p.m. — Near Leominster, !Mr. J. E. Southall 
observed a meteor of yellow colour, and of about the greatest brilliancy of 
tho planet Venus, descending vertically ]2.|° in half a second from a point in 
It. A. 97°, S. Decl. 7°, to li. A. 86% S. Dccl. 18°. The meteor was visible 
through light clouds, which obscured tlie view of any streak or sparks which 
may have accompanied it in its course. 

4. At a meeting of the Natural History and Philosophical Society of 
Derry, in Ireland, on March 4, 1870, Mr. William Harte described some 
observations of a remarkable meteor which passed over Donegal on the night 
of the 27th of December 1869. 

5. 1870, July 25, evening. — Soon after dark, a brilliant meteor was 
observed in Kent and at other jdac es near the English Channel. At Dover 
it was seen to rise almost perpendicularly from tlie sea horizon in the east, 
ini*rcasiiig in splendour until it disappeared overhead. The first effect of its 
very striking and unusual upward course was to produce an irresistible 
impression that it was a signal rocket or otlier artificial liglit fired from some 
distant vessel on the sea. Some current descriptions of iliis fireball, which 
appeared in the daily journals at tho time, have unfortunately escaped tho 
notice of the Committee. 

6. On the 16th of October, 1870, descriptions of two bright meteors 
received hy the Committee a[)pear to indicate some close connexion from 
their resemblance, altbougli, from tlieir recorded positions and from a slight 
interval Ijctween tlieir times of apj)earanc(‘, tiny appear to be distinct. The 
first, wliich a])peared to Mr. J. E. Clark and Mr. S. Oiles, at York, at 
8’‘ 25“* P.U., of red colour, increasing from the apparent brightness of a 
foiirtli-magnitude star to that of Venus, di'seribed a short course of 8° or 

in three or four seconds, from a point in U. A. 22 '\ N. Decl. 20°, to B. A. 34°, 
N. Deed. 16°, leaving a few sparks, but no visible streak upon its course. 
At 8’* 28’" on tin* same evening, a meteor brighter than a first-magni- 
tude star, .and in (‘very other respect of perfectly similar description with 
that observed at York, was seen by Mr. William ^larriott, at (ireenwieh, 
describing, in the same time, an apparent course of tho same length, in the 
northern sky, from the star towards the star a in Draco. The meteor seen 
at York appeared in the south-east, at sucli a considerable distance from the 
direction indicated hy the Greenwich observations as to admit of no possible 
consideration of their identity by the supposition of ordinary erroi’S of obser- 
vation. But the remarkable resemblance of their descriptions and their 
nearly simultaneous appearance, if not attributable to tho earth’s passage at 
tho time through a common meteor- system, is yet a very similar occurrence 
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to the pairs and groups of meteors which aro sometimes observed to appear 
in very brief succession in ordinary star-showers. The radiant-point of the 
pair, if these meteors might bo so regarded, is between the constellations 
Cygnus and Ynlpocula. But from their close vicinity, respectively, to the 
radiants II 3 and BGg, in Musca, and in the neighbourhood of Draco, which 
first present themselves about the middle of October, it appears more probable 
that their remarkably foreshortened courses may be clearly individualized as 
distinct, and that they were evidently members, respectively, of those well- 
marked, and widely separated showers. A similar instance of coincidence, 
but apparently without real connexion, will shortly bo noticed in a future 
page. 

7. Another bright meteor, from one of the latter radiant-points, II^, was 
recorded by Mr. Wood, at Birmingham, at 10’' 7“ p.m. on the. let of Novem- 
ber 1870; brighter than Sirius, white, and moving for two seconds in a 
short course close to the apparent place of the last meteor soon at York, 
from E. A. 27°, N. Deck 21°, to y Arietis. At lO’' 27’“ a second-magnitude 
meteor, with a very short course, passed, leaving a streak across the Pleiades, 
proceeding from the same radiant-point, from wdiich a few other meteors, 
noticed by Mr. Wood on that night, were also directed. In a note to the 
latter appearance, he observes that ‘‘ a writer in the ‘ Times,’ of about that 
date, describes an ‘ Astronomical Phenomenon,’ which was ‘ a sudden liglit- 
ing of the Pleiades of momentary duration,’ and which took place twice on 
the same night. I observed the same effect produced by this meteor ; and it 
is evidently owing to the proximity of the radiant B 3 to the Pleiades, 
causing the meteors to bo seen foreshortened when they happen to present 
themselves in the position named.” 

Large Meteors observed since the presentation of the last JReport. 

1871, August 13, S’' 30’" r.:>r. — In a letter to Mr. Glaisher, Mr. W. J. 
Miller communicates the following observation of a fireball seen by him in 
August last at Glasgow : — On the 13th inst., about 8 *' 30'" p.m., I observed, 
about due north from the western part of this city, a meteor making a nearly 
vertical descent ; it tended slightly westwards. The elevation might ho about 
25° or 30° ; and the twilight was still strong. The effect on the eye was 
more of a flash of lightning, or the sudden appearance of the new moon, than 
any thing I can compare it to. The sky being clear, there could bo no 
lightning of this description.” 

1871, August 21, about 9’' p.m. — The following description of a large 
meteor seen at Knocklong, Limerick, was communicated to the Committee by 
Mr. W. F. Denning in a letter from the observer, Mr. Jeremiah Henly, who 
writes : — The meteor was visible a few minutes after 9 o’clock. It seemed 
to issue from about Polaris, and travelled across the heavens for a space of 
at least 7° or 8 ° [? 70° or 80°] in the direction of the constellation Ifercnics. 
As it passed through the atmosphere, it seemed to leave a brilliant track of 
fire across the licavcns, which continued visible for about ten seconds.” 

1871, August 31, about 9’' 45"' p.m. — A meteor of very remarkable ap- 
pearance was simultaneously observed at Ilawkhurst (Kent) and at Boss 
(Herefordshire) under very favourable circumstances for determining its real 
height. The attention of a lady. Miss Strong, who observed the meteor near 
Ross, being directed, when it appeared, to the unclouded appearance of the full 
moon, which had then risen some 15° above the E.B.E. horizon ; of a sudden 
the meteor came into view, with leisurely speed and with surprising lumi-» 
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nosity, issuing, apparently, from close behind and from the centre of the moon’s 
side. Erom this point of first appearance it glided 

slowly eastward, leaving on its track a train of Meteor. The Moon, 

gold- coloured sparks as broad and bright and 
compact, apparently, as the nucleus which it pur- 
sued. After advancing for a considerable space 
the nucleus disappeared instantaneously, as if it 
were suddenly extinguished ; and the sweeping portion of the train nearest 
to the moon broke into separate sparks, Avhilc the train, along its whole 
lengtli, lay scattered along the sky like sparkling dust, which quickly faded 
away. In the absence of any neighbouring stars, which were then only 
beginning to glimmer faintly in the evening light, no more exact description 
of its apparent course, after leaving the moon’s side, could be successfully 
attempted. 

A complete view of the meteor from its point of commencement, in a 
cloudless sky, was also obtained by Professor llerschcl at Hawkhurst, in 
Kent, whore it passed across the sky, at a considerable elevation, and with a 
long and brilliant course, at about 9^ 44"^ p.m. In the first portion of its 
flight, which comme7iced close to the stars q, r Yulpcculse, it increased from 
tlie brightness of a first-magnitude star to that of Hirius ; and thence, while 
passing near the star f Cygni, it was accompanied on its course as far as the 
star /i Pegasi by a uniform and compact train of yellow sparks, of nearly the 
same brightness, and of twice the apparent diameter of the nucleus. The 
brightness of the meteor, in this ])art of its course, was but little less, and it 
at longtli exceeded tliat of the planet Venus nt its greatest brilliancy, while 
its head was of the same yellow colour as the wide track of light which 
formed its train. At the latter point the bright nucleus disappeared, and 




llio himinons train of sparks cetisod, wlnlo a small spark, about as bright as 
fi fourth-magnitude star, with intermittent light, could he traced pursuing its 
(‘ourse a])ont 8^ or 9^ furtlicr, to a point about 2^ below the star v Pegasi, 
whore it finally disapponred. The meteor moved over its whole apparent 
course of 40^ in six scccmds : and the hriglit belt of light, about 0' in 
a])parent width and 29^’ in length, which remained on its track, was visible 
for throe nr four seconds afterwards, resolving itself into small sparks, which 
appeared to move forwards along the streak in tlic direction in which the 
meteor had advanced. Tlie perfect continuity of the long train of sparks, its 
little inferior brightness, similar golden-yellow colour, and general rosem- 
])hineo to tlie liead, ’wliich it enclosed so completely on both sides as to 
exceed it eonsidernhly in widtli, and the .steady forward motion of the meteor, 
caused it to strikingly resemble the sudden and horizontal discharge of a 
di.st ant rocket. 8uch features of special interest in its appearnnee will, it may 
be lio])ed, from its brightness, and from the clearness of the sky on that even- 
ing, have attracted tlio attention of observers nt other places, besides the two 
widely distant points of observation here recorded, at which its appearance 
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and the position of its apparent path in the heavens were noted under the 
most favourable conditions. 

The point of commencement of the meteor^s course is found with consider- 
able certainty, from the two foregoing observations, to have been situated at 
a height of 44 miles above the sea, over a point in Pevensey Bay, about 6 
miles from the Sussex coast. The real course of the meteor from this point 
was, nearly, from due west to duo east, with a very slight inclination to the 
horizon ; or that direction of its real flight is most nearly accordant with the 
observations. The point of disappearance of the small spark which advanced 
furthest along its flight was, hence, at a little lower elevation, of about 40 
miles above the sea, close to the French coast, near Boulogne. Assuming 
that the moon’s apparent place at Boss was exactly upon the apparent course 
of the meteor, which appears to be really signified by the remarkable obser- 
vation that, as seen from that locality, the meteor appeared to issue from 
close behind the moon, the agreement of this point with that of the meteor’s 
first appearance, as observed at Hawkhurst, in a graphical point of view, is so 
accurate and precise, that the real position of this point of the meteor’s 
course, as above determined, may be satisfactorily assumed, without any 
material corrections, as being substantially correct. On the other hand, 
admitting that, for the purpose of calculation, the description of the remaining 
portion of the meteor’s apparent course, as observed at Boss, is obviously 
incomplete, the narrow limits between which (conformably to the rough notes 
and sketches of its appearance there, and to the remaining portion of its 
apparent track as mapped at Hawkhurst) the meteor can be supposed to have 
moved, allows a very important conclusion to be drawn from a complete 
examination of the remaining materials wdiich were recorded concerning its 
apparent course. If not exactly in the true west point of the horizon, the 
apparent radiant-point from which the meteor was directed can yet not hav<^ 
been far removed (not exceeding about 20°) southwards from this point, nor 
at any great elevation (not exceeding about 30°) above the western horizon, 
and it proceeded apparently from the radiant Q.^, near ft Herculis, cliiefly con- 
spicuous in August ; so that the direction of its real course relatively to 
the earth did not differ greatly (not more than 45) from that of the earths 
real motion in its orbit at the time when the meteor appeared, whicdi was 
nearly from the S.W. point of the horizon. The greatest length whicli can 
be assigned to the meteor s real path is rather less than 42 miles, derived 
from the supposition, as above assumed, that the meteor’s real course was 
almost horizontal and almost exactly directed from the west. But if the 
meteor’s real path was more inclined than tliis, it must also have been 
shorter (and with the above extreme inclination, which it might be possible 
to assign to it from the observations, its length would not exceed 33 miles*). 
As the whole duration of the meteor’s flight, observed at Ilawkliurst, was 
six seconds well counted while tlie meteor was in sight, the real velocity of 
its motion cannot have much exceeded seven miles per second ; and under 
certain possible assumptions of its apparent course at Boss, it may even hnve 
been less than this, or the meteor may have travelled with a real spccal of 
only miles per second. While the average real velocity of shooting-stars 

* By supposing the meteor, as seen at Boss, after issuing from near the moon’s plnco, 
to have descended obliquely at an angle of 45® with the liorizon, towards the left. The 
drawings represent the meteor as slightly ascending, rather than descending; and it is 
described as advancing a considerable space, and producing a luminous train of soino 
length, after leaving the moon’s side. This representation of the meteor’s aj)p.irent 
course at Ross, when compared with the Hawkhurst observation, agrees exactly with a 
perfectly horizontal real course, directed from about 4® south from west. 
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relatively to the earth is fully 30 miles per second, it follows that in this 
case, where the meteor was evidently overtaking the earth, moving nearly in 
the same direction with it, its real velocity in space must have exceeded that 
of the earth’s motion in its orbit by not much more than 7 miles per second. 
The excess of the velocity of a meteor overtaking the earth directly in a para- 
bolic orbit, above that of the earth’s mean motion in its own nearly circular 
orbit, is found by Dr. Weiss to be about miles per second*. 

The following letter in ^ Nature,’ May 10, 1872, from Mr. G. C. Thomson, 
at Cardiff, affords another instance of bright meteors noted during the past 
year, the real course of which appears to have not differed greatly in their 
direction from that of the earth’s motion in its orbit, at the time of their 
appearance : — “ I observed a meteor at about half-past eleven on the night 
of the 8th inst., in the constellation Scorpio, which passed very close to the 
star Aiitarcs, travelling from riglit to left. It appears to me worth remark- 
ing, from the fact of its course lying very near and roughly parallel to that 
2}art of the ecliptic which corresponded to the earth’s position in her orbit. 
It traversed some 8® or 10° of arc, and was visible for three or four seconds, 
gradually increasing in brightness until it was nearly on a par with Antares, 
which star it also resembled in colour. Its slow apparent motion imme- 
diately suggested the idea that it w'as moving in the same plane and direction 
as the ear til, in fact that it was overtaking us in an orbit just outside our 
own. The course of another meteor seen about half an hour earlier from a 
westerly window, and described to me as not inferior to Jupiter in brightness, 
appears also to have lain in tln^ direction of the c(*lij)tie, but from left to 
right, in the neiglibourhood of the constellations Gemini, Cancer, or Ix'o. 
It is rash to genenilize from insuffieient data ; but I conceive these meteors 
may both have belonged to a system whose orbit lies nearly in the plane of 
the earth’s orbit, the apparent retrograde motion of the last named being 
caused by tlie direction of its path crossing our orbit at a point behind the 
earth’s thou place, instead of in advance of it.” The two meteors here noticed 
appear to have belonged to the meteor-system denoted by the radiant-point 
Y, presenting itself during the first half of May, near the centre of the con- 
stellation Iah), and scarcely more than 20° distant from the point in the 
ecliptic from which the earth’s motion is directed during the early portion of 
that month. The ajiparent motion of the two meteors in oi)positc directions 
(in the former case moving eastwards towards 8corpius, and in the latter 
case westwards towards the constellations Gemini and Cancer) is most 
readily explained by the effect of ])erspectiTe upon their, probably, not far 
from really pai*allel courses, joined with the eircurastance that in their 
appearance ixhnve the observer’s horizon, at Cardiff’, the meteors successively 
presented tliemselvc's upon opposite sides of their common radiant-point. 
In relation to the probable positions of their apparent radiant-centres, both 

^ As a eonvoiiioiit moans of oxaofly i’stiinating tbo xery short intervals of time occii})ied 
bv meteors in their flight, it may be su<j;ir«‘steil to ob.servers to repeat the English alpha- 
bet (or as many letters of it. as are required, rapidly and distinctly) immediately after tlio 
nieh'or’s appearance. With ordinary llueney of pronunciation one alphabet occupies 
nf)out four second.'^, and fifteen alpliabets can usually be repeated in one minute, the time 
occupied by n single syllable, or by one letter of tlie alphnlx't, when thus repeated, being 
about one-sixth part of a second. By beginning the repetition during or immediately after 
flic meteor’s passage, and continuing* it during an e(pial j>onod of time to that in which it 
appeared to move, a pretty cxiiet estimate of the interval may thus be obtained from 
incmori/. In ordinary cases’^ (where the time of the meteor’s passage docs not allow more 
than five or six letters of the nl[)habel to be repeated) the observation may bo repeated 
once or twice, and by counting the number of letters, in each cose, a more exact average 
determination, amounting generally to a very close approximation, may bo obtainetl, 

1S72. ‘ o 
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the bright or reddish colour and the apparent speed of motion of meteors in 
their flight present a very important and interesting subject of study and 
of further observation. 

1871, September 2, about 8*" 15*“ p.m. — On this and the following dates 
some bright meteors, proceeding apparently from different radiant-points 
from that in Hercules of the meteor last described, were noticed, and the 
following was recorded by Mr. J. M. Wilson^, as it appeared to him on the 
above evening, in the fading twilight, and with a slightly clouded sky, and 
to other jicrsons at Croakbournc, in the Isle of Man. The meteor appeared 
in the west, and presented a visible disk of about the apparent size of an 
eighth of the moon’s surface. As it increased in size, the nucleus broke into 
three following and connected portions, the foremost and brightest of which 
was white ; and a luminous streak remained for about one second upon the 
meteor’s course. It moved for two or three seconds, with a slow and uniform 
motion, over a space of about 45°, descending nearly vertically in the west, 
from between the stars y, tt Ilerciilis, crossing Corona to a little below 
f Bootis, where it finally disappeared, about 15° above the horizon. 

1871, September 4, 30“' r.n. — At Branccpelh, near Durham, Iklr. 

Joseph Lawson communicated the following description of a very brilliant 
meteor which he observed at the above hour ; his shadow cast before him as 
strongly as during bright full moonliglit, causing liim to turn in time to see 
the meteor in its descent. It was first seen passing Polaris and descending 
towards Ursa Major (see the accompanying sketch) ; intensely white, like the 
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Meteor seen at Bvancepeth, Durham, Oh 30m r.M., September 4, 1871. 


magnesium light, and bursting into seven fragments as it approached that 
constellation. The two larger fragments appeared each to be not less than 
the head of the meteor before its disruption, and all were white, fringed 
with blue, and died out as sparks falling towards the earth, but apparently 
JiOt reaching the horizon. The meteor burst with a momentary increase of 
light, and the fragments remained visible for about three seconds. No 
sound of an explosion was heejd after the meteor’s disu])pearancc. 

The following account of some bright meteors visible on the same evening 
* * Nature,* September 14, 1871. 
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at Bristol was received from Mr. William F. Denning : — On September 4 
I noticed several shooting-stars that were quite conspicuous. At 9^ 40“ one 
passed slowly down from the N.E. to the north horizon. It was of globular 
form, and seemed to leave sparks in its flight. No train of light marked its 
path. This was the most brilliant one that I saw, and was equal, I imagine> 
to a star of the first magnitude.’^ On the 10th of September, 1871, at 
7^ 4™ v.M., a very brilliant meteor was also seen, while the daylight was yet 
too strong for any stars to be visible, by ^fr. 8. J. Johnson, at Upton Helions, 
near Crediton, in Devonshire, and by several other persons in that vicinity. 
It described, in about five seconds, a course of 15°, from an altitude of 
about 25° to an altitude of about 10° above the south horizon. 

A large meteor is state d, in the ‘ Madras Times,’ to have been observed at 
Trevaiidrum, in India, on the night of the 21st of October, 1871, which 
crossed tin; sky from the iiorth, with rapid speed, in about four seconds, 
moving at an altitude of 35° or 

Some accounts of other bright meteors, noticed towards the end of last year, 
will be found descri])ed in the accompanying general list of such observations. 

1872, Feb. 7, about 0’‘ 40"‘ r.M. — A second meteor of great brilliancy was 
sf'cn by ^Ir. Jose])h Lawson, near Brancepeth, Durham, on this evening, of 
which he communicated the following description : — 

The meteor iirst ni)pcarcd above and to the right of y Cassiopeia:', “whciico 
it described in about two seconds a downward course of about 30° towards 
the west, diroctcnl nearly from Folaris. It appeared small at first, but in- 
criaused steadily until tlie a])j)arent width of the head was about 30' of arc, 
its uniform expansion strongly convening the impression of a gradual approach 
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Position of a meteor’s path among tho stars, and its apparent perspective approach 
towards the observer, near Brancepeth, Durbani. — Feb. 7th, 1872. 


towards the observoFs place. As it advanced the head became pear-shaped, 
intcns(4y white, with a border of purple light, and it finally burst into several 
fragments, which appeared as very white sparks, advancing further upon the 
metoor\s eourse, and speedily becoming red. The fragments disappeared from 
view behind the smoko of a ncighhouring colliery, the noise of whose engines, 
close at hand, prevented tho sound of a report, if any followed the meteor’s 
cxplo.sion, from being beard. 

1872, March 4, 7^ 45“ r.M. — A bnght meteor seen at many places in 
* * Nature,* DcccmWr 28, 1871. 
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England was thus described by Mr. T. Perkins, wbo observed it at Durham. 
The Durham Cathedral clock had just finished chiming the hour of a quarter 
to eight when the meteor appeared. The apparent size of the nucleus was 
much larger and its light was much brighter than that of the planet Venus, 
and it appeared of a brilliant greenish-blue colour. It described a course of 
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about 20®, with slow motion downwards, in about seconds, and vanished 
suddenly (if it was not hidden by tlie branches of some neighbouring trees) 
at an apparent altitude of about 12® or 15® (as measured afterwards by the 
elevation of the trees) from the horizon. Its point of disap])earance was 
about 8® or 10® below a point between the stars and k Orionis. Its path 
was slightly curved, as shown in the figure, and directed, in the latter portion 
of its flight, very nearly from the Pleiades. 

Mr. S. H. Miller observed the appearance of the meteor near 'Wisbeach in 
Cambridgeshire, its light causing him to turn round and to note it in the last 
portion of its flight. In apparent size it appeared to be about one-third of 
the apparent diameter of the moon, perfectly white, like a drop of li(juid 
silver, falling in the west, where it descended to the liorizon. 

At Northwich, in Cheshire, it appeared to cast as much light as the moon 
shining brightly in its first quarter. It shot from the direction of th(‘ 
Hyades, near Aldebaran, and disappeared close to Orion’s belt (Maneliestt r 
‘ Examiner and Times ’). It also attracted attention at Bowdon near Man- 
chester, whore it was observed in the south-west, descending towards the 
S.S.E. horizon. It was at first accompanied by a reddish train, which changed 
to blue and left some sparks, when the meteor, with a dip southwards, sud- 
denly disappeared. As seen at Bolton, near this point, by Mr. A. Oreg, it 
appeared facing him (and to another observer, “low down in the sky” before 
him) as he looked towards the south ; and it disappeared in a large and bril- 
liant flash while passing over the belt of Orion. 

1872, March 8, 9^ 5"\ — The most brilliant meteor recorded during the 
year, and one of great interest from the southern character and much furtlier 
westerly situation of its radiant-point than that of any meteor-system hitherio 
recognized during the period of that month, was observed by the assistant at 
Lord Eosse’s Observatory at Birr Castle, in Ireland, and was thus described 
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in his note of its appearance communicated to ‘ Nature ’ of the 14th of March 
last by Lord llosse : — 

“ Observed an intensely brilliant meteor. It was first seen in the region 
of Lepus, whence it moved with a slow and steady motion across the heavens 
to the S.E. horizon, where it gradually disa 2 )pcarcd in a bank of cloud at 
about 5'“ Greenwich mean time, having occupied 7 or 8 seconds in 
moving over 50° of a great circle. The time given may be a few seconds 
wrong, as it was noted by an ordinary 'watcli. The head was intensely bril- 
liant, of a bluish-white colour, and lighted up the whole sky. 

“ Its brightness was maintained during its entire visibility, and may have 
been as great as the moon at quadrature. Ajiparent diameter of the head 42\ 
It wjus followed by a very narrow tail about 8° in length, and of a reddish 
hue. It did not leave any phosjdiorcsccnt train behind it ; but at the lattet 
part of its course it threw out some reddish luminous masses that gradually 
faded away. Its apparent course was in a great circle through ft Cauis Ma- 
joris to a point near the 8.E. horizon in azimuth S. 28jJ°E., and altitude 
Eor ft Canis Majoris the azimuth was H. 20° r)2''4AV., and altitude 10° 48''8. 
— Observatory, Birr CuvStle, March 8th, 1872.^’ 

It is to 1)0 regretted tliat a meteor of such unusual splendour and magni- 
tude, wliieh must (if clouds permitted) have been widely visible over the 
south of Ireland, and in the west and south-west parts of England, has not 
received any ])ublic or private notice which has hitherto come to the know- 
ledge of the Committee, nor any apparent recognition from observers; while, 
if the important astronomical interest that attaclies to its appearance is rightly 
understood, tlie great advantage of th(‘ir investigation, if such have been pre- 
scTved, it may yet bo lio 2 )cd, will prevail upon observers to communicate them 
to the Committee. 

1872, April 12, 4*‘ 3d"' p.m. — A fireball, not less brilliant, but, on account 
of its appearing in tlu^ daytime, probably less conspicuous than the preceding 
meteor, was se(‘ii on the afternoon of tlie above day by Mr. Whipjde, at the 
Kew Observatory, by whom the following observations of its appearance were 
recorded * : — 

Yesterday afternoon, wliilst standing on the lawn of the observatory, with 
my hack to the sun, wliich was brightly shining, I saw a splendid meteor fall 
in the south-east. The sky at the time was of an intense blue, and cloudless, 
Avitli the exception of a few cirri in the north and north-west, and the meteor, 
as seen against it, presented the appearance of polislu^d silver. The flight of 
the mete(»r was almost vortical, at an altitude of about 30°; its extent was 
about 10°, and tlie tail, which seemed to liang in the air and fade away like 
the tail of a rocket, was, at the instant of ex 2 >losionj jn-ohably 3° in length. 
There WJts no rei)ort aeconqianying its disru])tion, or it would certainly have 
been heard, the neighboiirliood being very still at the time. Immediately on 
its disappearance 1 looked at my watch ; it was 4^ 3(5*" p.m., Greenwich mean 
time. Had the fall oecurred after dark, I have no doubt but that the meteor 
would have exhibited a magnificent stiectacle ; for its brilliancy far exceeded 
tliat of the moon as seen by daylight.^^ 

1871, December Oth, 8^ 14*"* p.m., or S’* 15*" p.m. — A meteor of great bril- 
liancy was recorded at the former hour at Birmingham by Mr, Wood, and at 
the latter hour at Bees! on Observatory, near Nottingliam, by Mr. Lowe. The 
descriptions of these meteors, wliieh are included in the following general 
list, differ in some important physical respects, which might almost lead to an 
independent conclusion that two different meteors were observed. The meteor 
♦ ‘Natuiv/ April 18, 1872. 
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seen by Mr. Wood at Birmingham was deep blue ; its nucleus disappeared 
without apparent expansion or explosion, and left a very slight, evanescent 
streak upon its course. The meteor observed by Mr. Lowe at Beeston was 
distinctly red ; it burst with a dash, and left a very enduring streak of red 
points upon its course. With these essential differences of character (and 
even with the short interval of only one minute between the times of their 
observations), the identity of the meteor seen at Beeston with that observed 
by himself is regarded hy ]\[r. Wood as not sufficiently established, or as 
being at least open to question, in the absence of further observation. The 
recorded positions of the meteors’ paths are, moreover, so close to each other, 
that although they present a small displacement in the right direction to bo 
produced by the groat distance (about 45 miles) between the observers’ places 
at Beeston and Birmingham, yet the unusual height of 3()0 miles above the 
earth at first appearance, and of 240 miles at disappearanco, which their 
comparison together would suppose, must bo regarded as rc(]uiring a proof 
from further observations, of which none have hitherto been received by tho 
Committee, 

III. Aerolites. 

The following accounts of two aerolites which fell last year are extracted 
from the scientific journals in which their descriptions have recently ap- 
peared. 

1, Soarsmont, Maine, U.8., 1871, May 21, a.m. (local time). — Professor 
Shephard, of Amherst College, Massachusetts, has published some particulars 
respecting tho meteoric stone which fell at Searsmont, Blaine, U.8., on May 
gist, About 8 A.M, there was heard an explosion, like the report of a heavy 
gun, followed by a rushing sound resembling the escape of steam from a 
boiler. Tho stone fell in a field, and a lady who was in a liouse close by 
saw the earth scattered in all directions as it entered tho ground. The hole 
which it made was soon found, and on digging down tho fragments were 
found still quite hot, the outside surfaces showing plainly the effects of 
melting heat. The largest piece weighed two pounds, and tho fragments 
altogether twelve pounds. Tlicy emitted an odour like that of Hints when 
rubbed violently together. The hole made by the falling body was two feet 
in depth, the soil being a hard coarse gravel ; but tho fracture of the stono 
was obviously occasioned by its striking against three large pebbhis, eacli 
about four pounds in weight. Professor Hlieplmrd obtained and examined 
the largest fragment of the aerolite, Pully one half of its surface was coaled 
mth the original crust, and the shaj)e would seem to denote that the perfect 
mass had been of an oval, subconical figure with a flattish base, so as on ihe 
whole to have approached the shape of the famous Duralla stone now in tho 
British Museum. Among the constituent elements were found meteoric iron, 
peroxide of iron, chladnite, troilite, together with a single blackish mass 
'Which Professor Shephard considered was in all probability a plumbaginous 
aggregate. The following notice of its composition has also recently ap- 
peared : — 

“ This meteoric stone has been examined by Dr. LawTcncc Smith (Sillimaii’s 
‘ American Journal of Science,’ September 1 871, p. 200). He finds it resemble 
very closely the Mauerkircben stone that fell in 1708, the crusts correspond- 
ing quite closely both in thickness and appearance ; tho Mauerkircben stono, 
however, has not well-marked globules like that of Searsmont, and in this 
raspeot it corresponds more nearly to the Aussun aerolite. Its specific gravity 
was 3*701, and its composition is — 
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JN’ickeliferous iron 14*63 

Magnetic pyrites 3*06 

Olivine 43*04 

13ronzito, a hornblende with a little albite or ortlio- 
clase, and chrome iron 39*27 


100*00 

With tho bron/ito there may also be some enstatite, which would bo con- 
founded with tho former if existing in the stone.” 

2. Montereau (Seine et Marne), France, November 1871. — “It is stated 
that an aerolite weighing 127 lbs. fell lately near Montereau (Seine et Marne), 
in France. It appears to have come from the cast, and burst with a loud 
exjdosion, giving a bright bluo light. It is of an irregular spheroid shape, 
and black, and is to be sent to tho Academy of Hcicncos.” — ‘ Nature,’ Novem- 
ber 30th, 1871. 

IV. ^ilETronic Seowers. 

In tho prosecution of a system of observations on tho annual meteor- 
showers of the past year, ])ro])osod to engage the constant attention of tho 
Committee since their last lleport, a more than usually abundant series of 
successful observations were made, exhibiting with greater completeness than 
in previous yoam tho general character of tho displays, which have presented 
themselves with more than ordinary prominency on each of tho annual 
shower-meteor dates. 

A first description of tlio observations collected at tho several British Asso- 
ciation Stations on tho nights of tho 9th to tho 12th of August last is con- 
tuiued in tho Quarterly Journal of tho Meteorological Society for the 15th 
of November, 1871, where the numhors of meteors mapped at tho different 
stations, and their rate of frc(|Uoncy at certain places where their numbers 
were counted in sm'cossivo hours and half-hours, were for the most part fully 
stated. The following are some additional observations relating especially to 
this latter point, and to tho g(‘n(*ral characters of tlie August shower in 1871, 
as they were recorded by the different observers. 

The inimbers seen per la)ur by ]\lr. Wood at Birmingham were, on tho night 
of tho 9th twelve, on the lOth twenty-four, and on tlie 11th sixteen. Tho 
meteors eamc in groups, with lulls ; tliey were mostly small, and with a much 
lai’ger proportion tlian usual of orange-(‘olourod and train-hearing meteors. 

Ill the watch kept by (’aptaiii ]Maclear at the Boyal Naval College at 
Portsmouth on the night of the lUth, the sky was througliout clear or over- 
spread with such a slight ha/.o as only oceasiuually to dim tho faintest stars; 
and all the brightest meteors visible w(‘ro noted between 11 o'clock r.H. and 
2 o’clock A.M. from a favourable point of vicAV upon the College roof, where 
a number of tb<^ briglitest meteors visible between 45"^ and 12*' 45*" 
was also added to the list by Lieut('nant Mathias, whoso attention was di- 
rected towards a different (juarter of the sky ; and the number of meteoi's 
visible in a soim'wbat less favourable position between Kf* and 11'* p.m. was 
also eount(*(l alone by Captain Maolear. Ileduoting one (piarter of tlio 
meteors scon between IF* 45'*' and 12’* 45'** as having been observed by 
Lieut. Mathias, the rcnnainiiig numbei'vS of bright meteors seen by Captain 
Maclear alone in tho successive half-hours ending, during the night of 

Aug. 10th, at 10’* 30"*, n^ 11’* 30"’, l2^ 12’* 30"*, 13'*, 13’*30"*, U^ Total 
were 5 10 10 12 21 22 14 23 117, 

showing an increase in tho rate of frequency until the end of tho watch. 
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Besides those noted, many smaller meteors passed unrecorded, about two 
thirds of the meteors counted being as bright as first, and some of the rest as 
bright as second-magnitude stars. But few meteors were visible on the night 
of the 9th ; and twelve were seen between 9^ and lO*' p.m. on the 11th. 
Between lO'^ and 11‘‘ p.m. on the 11th no shooting-star was visible, although 
the sky was then as clear as it had been during the previous liour, or on 
the night of the 10th. A bright meteor shot downwards through Corona soon 
after 10*‘ 30“, and a remarkably large one close to Saturn soon after 10’‘ 45"^ 
P.M. on the 10th. The latter meteor was pear-shaped ; it lighted up the 
objects round the observer, and burst at the end of its course like a shell. 

This meteor was also seen at Cardiff, and was described, in a communi- 
cation to Mr. Glaisher on the meteors of that evening by Mr. G. C. Thompson, 
as follows : — “ Aug. 10th, 10*^ 51“ p.m. Meteor equal to or larger than 
Venus ; from direction of a,^ Capricorni, downwards towards the west (right 
hand), inclined about 00° to the horizon. Beautiful light-green hue. Near 
the end of its course it seemed to divide into several fragments, or a small 
cloud of sparks.’^ It was also visible at Greenwich, where the following 
notes of its appearance were recorded by Mr. Glaishor's staff of observers at 
the Koyal Observatory : — ‘‘ Aug. 10th, lO*' 51’" 15“ p.m. Brighter than 
Jupiter ; pale green ; duration of flight 0*7 second ; length of course 5° : left 
a fine train. Meteor pear-shaped; from 12° below, and to right of Antares, 
fell peiq)endicularly.’^ At Hawkhurst a broad red flash, like that of lightning, 
was visible in the sky at 10^’ 50“ p.m. ; but the meteor itself was not seen. 
It was, however, well seen in the neighbourhood of Hawkhurst, and a pretty 
accurate measurement of its apparent path by objects near which it appeared 
to pass was there obtained. It fell nearly vertically from about 20° to about 
3® or 4° above the horizon, 60° W. from magnetic south, with no great speed ; 
and it appeared to burst, with sparks, wdien at its brightest. At 1 H 2“, .Paris 
time, corresponding within a fe\v minutes with the time of this observation, a 
meteor of twice the brilliancy of Venus, of strong whitish light, like an electric 
spark, was also seen in the south by the observers of M. le Verrier’s staff at St, 
Lo, on the French coast of the English Channel, and at Angers on the I^oire. 

Of the other bright meteors seen at Portsmouth on the night of the lOlh, 
one descended towards the cast, and burst at disappearance, at about 
12^ 45“ ; and one passed across Polaris at 12’’ 55"^. At about H' 30“ a 
bright green meteor appeared in the S.S.E., at an altitude of about 10°, 
moving towards the 8.JS.W. Shortly afterwards a very blight one passed 
across Pegasus towards the S.W., with an explosion at disappc'arance. One 
of the last two meteors may not impossibly bo identical with a fireball ob- 
served by the observers of M. Le Verricr’s stafl’ at Tremont at 1 ‘‘ 32"* 49“ ( Paris 
time) on the same night, which passed from ll.A. 235°, N.IM). 29 , to it. A. 
233°, N.P.D. 39°, and burst at disappearance with a strong red light, leaving 
a luminous streak upon its course that was visible for 33 seconds. 

On each evening of the shower the numbers of the meteors were also noted, 
under favourable conditions of the sky, by Mr. AV. E. Henning, at Bristol, 
with the following results ; — 





Meteors. 


Meleors. 

Aug. 

9. .11" 30"' 

to 12" 

7 

Aug. 11 . .10" SS" 

to 10" SO"" 

1« 

Jf 

9. .12" 

to 13" 

27 

„ 11.. 11" 

to 12" 

29 

9y 

9. .13" 

to 14" 

8 

„ 11. .12" 

to 12" 15"' 

K) 


9..14" 

to 15" 

21 

„ 11.. 12" 1.5"' 

to 12" 30"' 

15 

yy 

10. .10" 

to 11" 

17 

„ 11.. 12" 30"' 

to 13" 

23 


10.. 11" 

to 12" 

27 

„ 11.. 13" 

to 13" IS-" 

1] 

yy 

10.. 12" 

to 12" 30"' 

27 

.. 11 . . 13" IS"- 

to 13" 30"’ 

14 
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Attention was principally directed to the northern sky, and many meteors 
doubtless escaped observation. Most of those observed were especially 
small ones ; those seen on the 9th were nearly all minute and scarcely dis- 
cernible. Several brilliant ones were seen, however. At 12^ 23® on 
August 10, a meteor of great lustre, and star-like in appearance, diverged 
from Perseus towards the liorizon. It was of a blue colour, and left a lumi- 
nous streak which was visible for about four seconds. 

At 44’“ on August 11, another brilliant one, about as bright as Venus, 
was visible in Ursa Minor, and the train of light which it left was visible 
for a few seconds. It was, howovcT, at 12^’ 50® on the latter date that the 
most brilliant meteor was seen. It passed between the fourth-magnitude 
stars € and ( Cygni, and soon afterwards disappeared, leaving a train of light 
wdiich endured for about seven seconds. This one, like the great majority 
of those observed, radiated from or nearly from the small star B Camelopardi. 

The first of these bright meteors corresponds with an observation at 
Cardiff, contained in the description of the star-shower on the 10th of 
August communicated to Mr. Glaisher by Mr. G. C. Thompson : — ^‘August 
11, 12’’ 22”’ A.M. — A meteor, as bright as Venus, passing downwards between 
a and /3 Auriga^ from the direction of the sword-handle in Perseus. Fine 
])ur})lc colour ; leaving a portion of phosphorescent train visible for about 
half a minute, which had, I think, a lateral drifting motion in the direction 
of /3 Aurigte.” 

No sound followed the explosion of any of these meteors. Mr. Denning 
adds the following list of observations of the same shower by Mr. Edmund 
Neison in London, who was assisted in his watch for the meteors by two 
friends, and who recorded the numbers visible on successive nights. 




^retcors observed in August 1 S 

71. 



1 

llright 


No. ! 


Date. 


Tiiuo. ; 

im‘- 1 

nuin- ])cr 
l>or. i hour. 

Remarks. 

i 

li 

lu li in 

1 

-- 1 

_ - - 



1 August 0 ; 

•) 

to 10 47 

G j 

15 

! 


T\>o extremely brilliant. 

'■ ' 1 

S 

(o 10 .35 1 
(P'37'‘') ! 

17 I 

43 ; 

1 

27 

Four extremely brilliant. 



i ! 

0 

■I.'I t.) 10 IS 

11 1 

20 1 

! .\3 1 

T\yo extremely brilliant. 

1 - 1 

1 1 

0 

5 to 10 .“>1 
(11. 

1 21 1 

1 1 

(*.2 1 

i i 

Five very brilliant. 

i „ i'» ; 

10 

7 to 10 5S 

('>r) 

:u 1 

00 i 

100 

1 1 

I'our very brilliant. 

» 11 1 

Cloucl> ; cloar but 

1 for 0 "' 

1 

o , 

! - ! 

One very bright. 

„ 12 

9 

55 lo 10 2(> 
(31-) 

to 

20 

i :i0 , 

i 

; Three very bright. 

„ 13 

0 

0 to 0 50 
(50-) 

10 

25 

i 27 

! 

1 Two very brilliant. 

Totals 


(»,h 

107 

280 




The total number of meteors observable was, without doubt, over 500, as 
only about one half of the sky was kept under view. The following par- 
ticnlars were recorded of some of the most brilliai^t meteors which came 
under observation. 
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Date. 


Time. 


Remarks. 

August 0 

h 

9 

m 

58 

B 

0 

From a Caseiopeia? to a Andrornedie. Very brilliant 

If 

6 

10 

40 

0 

blue meteor, leaving a long streak. 

A very bright meteor traversed the centre of Ursa 


7 

10 

15 

0 

Major. 

From near a Ilerculis to Libra. Loft a bright yellow 

7 

10 

27 

0 

train. 

From Opliiuchi to Saturn. 


7 

10 

35 

30 

From 13 Pegasi to a Aquarii. 


8 

9 

45 

0 

From Cassiopeia t(» Oygnus. Left a bright streak. 


8 

10 

7 

0 

From a Lyra) (Vega) to Sagittarius. Jjcl’t a long train 


0 

9 

50 

0 

From Cassiopeia to a Lyrie. 

M 

9 

9 

52 

0 

From Cassiopeia to Cygnus. 

1} 

9 

10 

12 

0 

From Lyra to Pegasus. 

Ji 

9 

10 

17 

0 

From Cassiopeia to Dclphinus, leaving a long train. 

M 

9 

10 

80 

0 

From Cassiopeia to y Pegasi. Left a long train. 


10 

10 

5 

0 

From (3 Cygni to a Aquibe. Yellow. 

If 

10 

10 

40 

0 

F>om Draco to Serpens. Left a long train. 

1) 

10 

10 

45 

0 

From Lyra to Ophiucb us. Left a long yellow' train. 

M 

10 

10 

50 

0 ! 

From Cassiopeia to Lyra. Left a long, ])ale-blue tivin.. 


10 

10 

55 

{) 1 

I'rom Cassiopeia to Cepheus. Left a long train. 

II 

11 

10 

10 

0 

Prom Aquila to Sagittarins. 

II 

12 

10 

3 

0 I 

Along the Ylilky Way to Saturn. 


12 1 

10 

7 

0 i 

Towards the south, near Saturn. 


12 1 

10 

10 

0 1 

From rj Pegasi to Andromeda. Left a streak. 


13 1 

9 

33 

0 ! 

From Cepheus to Perseus. Loft a brilliant train. 

II 

13 ! 

i 

9 

5G 

0 

1 From Capricornus to Sagittarius. Fast and brilliant, i 


At Hawkhiirst the appearance of tlie lust meteor but one of this list, on 
the 13th, was recorded at 9’' 32°', slowly and steadily increasinj^ to a 
bolide of about the brightness of Venus, of nearly white or pale yellow 
colour, tapering behind to a narrow train, wliich marked its track for a 
few seconds. It first appeared close to h Ursa? ^Majoris, and fell perpen- 
dicularly, about 12^^ along a lino drawn from (p Uraeonis, or from bctwecai 
the stars e and ^ Ursm Minoris, towards the liorizon. The meteor ap- 
peared in full view, and the ])oint of first appearance and the length and 
direction of its fliglit (apparently from Draco) were very exactly noted. 

A detailed description of the various meteors of the shower recorded at the 
KadclifFo Observatory, at Oxford, w^as also obligingly communicated to the 
Committee by ^Ir. Main. The meteors were chiefiy observed by ^Ir. Lucas, 
who was occasionally assisted by Mr. Keating ; and the following Table shows 
the number of the meteors whicli wore noted on the snecessive nights. 


Date. 

Time. 

Ko. of 
meteors. 

Xo. re- 
corded 
per 
hour. 

Remarks. 

Aug. 7... 

h ni b m 

9 40 to 13 0 

10 

3 

Watch kept until 13'* 30'" ; no meteors as 

1, 8... 

(3^ 20'”) 

9 30 to 14 49 

47 

9 

bright as Ist-mag. stars observed. j 

Watch until 15'\ Motion of the meteors 

,1 9.. : 

19'«) 

9 11 to 14 57 

57 

10 

mostly very rapid. Eleven meteors — ; 
ist-mag. stars. 

Watched from 8'’ to 15'* 30'". Seven me- : 

„ 10... 

(5h 4C)'") 

9 8 to 14 44 

100 

18 

1 teors“ Ist-mag. stars. 

Watched from 8^ ,30'» to 15''. Four me- ' 

„ 11.. 

(5'‘ 30“^) 

9 1 to 15 9 

102 

17 

teors brighter than the fixed stars. Seven- 
teen meteors = Ist-mag. stars. 

Watched from 8'' 30*” to 15'' ICb Three 

Totals . . . j 

(()h 8^) 

20'' 9«» 

310 


meteors brighter than the fixed stars. 
Nineteen meteors == Ist-mag. stars. 
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The following particulars of some of the most romarkablo meteors are con-^ 
tallied in the list of observations, of which a full description will be included 
in the forthcoming printed volume of the lladoliffo Observations. 

Dato, Tiino, Remarks. 


h m 

August 8... 12 30 Meteor = 1 st-mag. white ; duration one second. Shot from 

X Droconis to a Coroiue. Curved path and long train. 

„ 8 ... 13 40 j Meteor =s 1 &l-mag. *; white; duration two or three seconds. 

Sliot past a Lyra3 nortltxuardu, Iciiving a .streak, 

„ 9 ... 9 14 Mr. Keating saw a meteor pass through the field of the Transit- 

circle while looking for a star near the south horizon. 

„ 9 ... 10 33 Meteor = 2nd-niag. *; duration one and a half second. From 

0 Cassiopoiie to S Cygni. Meteor with a long course and 
streak. 

„ 9 ... 12 IS Meteor=l8t-mag. *; duration one and a half second. Shot from 

a Dclphini past /3 Aquihe, leaving a streak. ! 

I ,, 9 ...| 13 20 j Two meteors = 2iid-inag. #s appeared in quick succession, with 1 

j an interval of about ono second between them, ])assmg on i 

nearly the saiiio course from a point near a Pisciuin towards 
t T} Ceti. 

,, 9... 14 4.3 j Meteor = 2nd -mag. #; wliit-e ,* duration two sceond*< Pas'^cd 

from X Braeonis, just under Polaris, — This meteor 
had the slowest motion of any observed in this night’s watch. 

,, 10... 10 22 Brigiiter than a Ist-inag. ♦; red. Shot from /3 Pega'ji to a) 

|>oint near f3 Aquarii. This meteor rapidly followed two ' 
other meteors equal to 2nd and Ist-mag. in Bootes, and 
directed fr<im 3 Andromeda) to y l^egasi. j 

j „ 10 ...I 10 31 I A Hash of red light from the south wius visible in the sky, re- | 

; * j seiiibliiig lightning. [Metoorie. Sec ubo^e.] j 

• ,, It)..., 11 17 . ^Vs bright a.'! Juj liter ; duration t\\o seconds. From a point j 

under y Vr'-tv Majoris to the north horizon. 

,, 10.. 12 30 ! Brighter than a Ist-mag. ♦; yellow. Parsed from y Ca- V ! 

I I inehipardit to a Ursa‘ Majons, leaving a brilliant train, i 

I I aliout 13' in width, visible for about fifteen .seconds, just , 

j i umlcr Polaris, after the meteor had di,^appcllred. Certainly ; 

j the most brilliant train 1 have over seen. A st reamer-hiok- ' 

' ing nppearanee wa.s visible in tlie place for half an hour, and j 

I wa.s recognized by Mr. Keating at 1.3“* 0"*. |Tlie meteor was j 

j also seen at Leamington, and. as will shortly bo de.seribed, by j 

j ]Mp. (iivg, at ManehoNter.] i 

,, 10.. 14 10 ; Meteor = Ist-mag. * , wliite; duration ono seeond. Passed from j 

I a near y thgni to »; Peg.ivi. [From railiant in 

j ! t’vgnus] At 14** r.3'** tN\o meteor>= llh-mag. «s. appeared 

I at the same instant moving in parallel jinths between 3 and r/, 

I and between « and y. ncro^s the eonstellation Pegasus, 

j „ 11 ... 10 11 'Brighter than a U(-mag. # ; tluiation one and a half .second, 

j j Shot from // IVrsei. increasing in brightnes.s, and ehanging 

j I from nxl to blue, and leaving a streak, until it burst over 

j j y Andromeda*. 

' „ H .... 10 33 i Meteors Ist-mag. *; duration ono second. Passed from 

I I ^7 (’ygni to a point south of a l.^ra*. leading a bright tram. 

I 'I’liis train was in two jiarallel lines, which slowly joined j 

^ I t ogether .sideways, and then disappeared t^Mr. Keating). j 

; ., 11. .M2 (I Two fourth-magnitude meteors, nilb an interval of tuo seeonds I 

1 j between them, shot from X Aquarii to^ C’aprieorni, and from j 

1 j « Aquarii to 3 *^q'‘«»*ii. 

; ,, 11 ...| 12 30 A.s bright as Jujiiter. From a point, between /? and ^ Draconis ' 

j to hahwav between a (’oroiuv and a Ojiliinelii. Tjoft a train 

' visible for five or six seconds. (The liegiiiiiiiig of the meteor’s 

\ course not well seen.) 

„ 11 .. 12 34 As bright as Jupiter; jcllow. From i Tauri to a little below 

Aldebaran. Tjt'ft a .streak. 

„ 11 ... 14 4 Two second and fourth-magnitiido meteors appeared imme- 

diately following each other from y Ursa* Minoris to between 
and 0 Draconi8,a«d from a point just over ATJrsae Miigoris, 
descending vertically. 

t Known in maps of Bndo’s Constellation.^ as the star ??i Custodis. 


. 12 34 

.. 14 4 
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The following observations of tho shower by Mr. R. P. Greg, at Man- 
chester, on the night of the 10th, and at Bolton on tho nights of the 11th 
and 12th, describe tho imiisual appearance of one of the most remarkable 
meteors recorded in the above list : — ‘‘ The number of tho meteors was 
larger than usual, though not remarkably so. On the lOtlx and 11th, 
between 10^ and I did not perceive much difference in tho horary 
numbers: perhaps foiir or five iii a minute for two observers; coming 
Bometiraes four or five nearly together, and then several minutes passing 
without any being visible. On the evening of the 12t]i there "was a great 
falling off, not only in the numbers, but also in tlio size and flashing train 
peculiar to the PerseVds. At about t)^ 30*“ r.M. on the lUth, before I looked 
out, I heard that a splendid meteor was seen here. 

At 12’* 31™, on the night of the 10- 11th of August, a very remarkable 
meteor appeared in tho S.E., which I hope may have been doubly observed, 
although it was visible after the time appointed for the simultaneous watch. 
It commenced close to ft Andromeda), moving nearly on a line from r) Persei 
to a point a little beyond tho star y Pegasi, wliich it almost crossed, 
describing a course of 10® or 12® in about two seconds. Tho nucleus had a 
sensible disk of about 2' in diameter, and, together with the train, showed 
prismatic colours. The train lasted tw^enty or thirty seconds, and .soon 
assumed a scr2)ciitine appearance. It ^vas one of the most beautiful meteors 
I have seen. About four or five seconds after it had disappeared, it broke out 
again five or six degrees further on, near X Piseiurn, moving exactly in the same 
direction, apparently the same meteor over again, about half its former size, 
hut with the same colours, and leaving a bright streak on this part of its 
course for about three seconds. IVhat appears most unaccountable was that 
it broke out again three or four seconds, at least, after it should have done, 
had it been tho same meteor continuing onwards at the same velocity. It 
seemed, instead, to be another meteor, although it must liavo been the same ; 
hut how its speed could be so cheeked after it first ceased to be visible, and 
it could then go on at the same speed as before, 1 do not know^'’ 

The results of the regular observations made at the Royal Observatory at 
Greenwich, by Mr. Glaishcr’s staff of observers, are, in point of numbers and 
of the brightness of the meteors seen, very similar to those obtained at 
Oxford, the watch on the nights of the 10th and 11th being kept for about 
six hours and four and a half lionrs, and during from tw^o to three hours on 
each of the remaining nights. The total number of meteors mapped, by the 
parties of from one to four observers wlio watched during a space of about 
25’* 50*** on the different nights wms 470 ; and the average number per hour, 
with that of the meteors equal to or brighter than first-magnitude stars 
alone, recorded on each night is showni in the following Table : — 

Rate, 1871, August 0 7 8 1) 10 11 12 13 

Average hourly 1 Bright meteors ..4 5 5 0 14 J) 4 3 

numbers of J Total mapped .. 8 10 14 20 28 20 J- 14 0 

"No, of observers 1 2 2 3 4 2 2 2 

The first meteor, equal to or exceeding the brightness of Jupiter, seen 
during the display was that already noticed, which was recorded at 10** 51™ 
p.M. on the night of tlje 10th. At 9’* 30*'* p.m, on the 11th a blnish-whito 
meteor, brighter than Venus, appeared low down near the eastern horizon, 
immediately below y Andromedae. At lO’* 15™ p.m. on tho same evening a 
similar meteor, brighter than Jupiter, appeared near h Lyncis, and moved 
about 15® in 1^ second in a direction from c Camclopardi, leaving a bright 
gtyeak for three seconds. A meteor of the same magnitude, which appeared 
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at 10*^ 23*’^ 30* p.M. on the evening of tlio 12th, and which left a fiiio streak, 
moved from a different radiant-point, for about second, in a course 
of 10° between /3 and r) Pegasi, from tho direction of 0 Piscium. At 
IQh 40 ra iih ym p ^ ^ same evening, meteors of greenish colour 

were seen, leaving long and bright streaks ; that of the first was visible for 
fourteen seconds ; and the meteor (as will shortly be described) was also seen 
at Ilawkhurst. The lust brilliant meteor of the shower was visible at 
10’* 35™ p.M. on the 13th, of greenish colour, like the last two, and leaving 
an exceedingly bright streak, which was visible for six seconds after the 
meteor had disappeared. It passed from the direction of ij Persci, about 1° 
below Polaris and ft XJrsoo Minoris. At about the same time, or shortly 
before 1 1 o’clock on the evening of the 13th, a brilliant meteor appears to 
have been seen at Ilegcnt’s Park, London, among other meteors of the 
shower which there still continued to be plentiful. A notable example 
of the meteors occasionally appearing in groups occurred at 10 ** 49™ p.bt. 
oil tho 10 th, w'hcn three meteors, about as bright as second-magnitude 
stars, appeared within an interval of about ten seconds, and all passed in a 
nearly identical path in continuation of a line joining y Andromedae and 
a Trianguloe. Two meteors, brighter than first-magnitude stars, also ap- 
peared within four seconds of each other, moving in parallel and closely 
neighbouring courses, inclined about 45° towards tho horizon, in the con- 
stellation Capriconius, at 11'* 4’** 20* p.m. on tho lOth. This brilliant pair 
was simultancoiLsly observed at Ilawkhurst, each meteor about tlic bright- 
ness of Sirius, leaving a long, bright, ajid slender streak. The fii^sl com- 
mencing about 2° above ft Arjuarii, moved on a course exactly parallel to 
that of the second, which passed, with the same steady speed as the first, 
from half a degree b('low ( A<iuarii to lialf a di'groo below c Caprieorni. 
Mr. Wood, at Birmingham, also noted the appearance, at the same minute, 
and within about two scronds of each other, of this perfectly matched and 
closely adjacent pair. Each meteor was about as bright as Sirius, of orange 
colour, lasted one second, and left a reddish streak upon its course. Tlio path 
of the first, as seen at Birmingham, was from d Atjuarii to t) Cnprieorni ; and 
that of the second was parallel and elosclv adjoining to it from a point in 
11. A. 325° S. Deed. 22°, to B. A. 321° S. l)JcL 2 <)°. Closely as all these de- 
scriptions of them corrcs|x)ud together, tho unfavourable position of their 
apparent ])aths near the horizon prevents the real lieights and the distances 
of the component meteors of the pair from each other and from the 
observers from being calculated with the accuracy and certainty that would 
otherwise have been attainable from such excellent observations. 

Almost all llic meteors observed at Greenwich during the display left 
more or less brilliant and enduring streaks. AVith the exception of one 
reddish, four white, eight pale green or greenish, and twenty-six yellowish 
meteors (in all about S per cent.), all the meteors mapped at Greenwich were 
uniformly of a bluisli or bluish-white colour. 

As seen on the nights of tho 10th and 11 th in London, the following is 
!Mr. Crumjdon's description of the August meteors; — “The sky was quite 
clear, but there was an auroral glare in the north, and a white streamer 
Bickering for a f(‘W minutes on the evening of the 10th*. Eighty-two 

* The nnrorril stroamov was also seen by Mr. W. IF. Jackson at Tooting near 
London, who writes: — “On the 10th there was a tolerably distinct aurora borealis, one 
streamer of wliicli extended from tho north to a spot apparently a eonsiclerablo distance 
beyond Arcturua.” At York a distinct auroral arch was scon by !Mr. J. E. Clark on tho 
6th, lasting from after twilight, when it first appeared, until 11‘‘ 30™, wdien it was 
obscured by the rising moon, A similar faint appearance was observed by Professor 
Ilerschel, nt Glasgow, on tho evening of the 7tli, 
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meteors were counted between 9*^ 30"* and midnight, of which forty-sijt 
fell during the last hour. The courses of fifty-six bright meteors were 
mapped during a watch of about eight hours on the nights of the 9th, 
10th, and 11th, with an average hourly rate of appearance, for one observer, 
of three bright meteors on the 9th, nine on the 10th, and ten on the 11th, 
all of them directed from Perseus, The Perscids were of nil magnitudes, 
hut the greater number of bright ones (in proportion to the number visible) 
made their appearance on the 11th. They presented the appearances com- 
mon to the meteors of this radiant ; and some of them left 

brilliant streaks of blue light, which expanded after the o 

disappearance of the nucleus, fading gradually from the ends 
towards the centre. In several instances I noticed that llio nucleus was 
apparently separate from the train, the brighter ones reminding me very 
much of the corresponding shower of 1803.’’ 

On the nights of the 10th and 11th the sky was overcast at Edinburgh 
and Glasgow^ ; but several bright meteors were seen at Glasgow on the nights 
of the 7th, 8th, and 9th by Professor Ilerschel, one of which shot with a 
flash overhead at about 12^ 48"* a.m. on the 9th, resembling faint lightning. 
At Edinburgh on the 9th, and at Sunderland on the 11th and 12th, the 
paths of fifteen Perseids were also mapped by Mr. T. W, Backhouse, 
although the sky was obscured at Sunderland by thick fog and haze. At 
Knocklong in Ireland a good view of the shower was obtained by Mr. 
Jeremiah Henly, whose description of its appearance was communicated to 
the Committee by Mr. W. F. Denning : — “ Although I did not reckon the 
actual number visible, I considered that more meteors appeared on the 11th 
than on the lOth. On the lltli, in about three hours, I witnessed thirty- 
three of remarkable brilliancy, while on tho 10th, in the same space of time, 
only twenty-seven of a similar character were visible ; but the smaller 
meteors I did not reckon on either night.” Mr. Denning also regarded tho 
shower at Bristol as at least as intense on the second as on the first night 
of its appearance, and thus describes the principal characters of the meteors 
seen: — “The majority of the meteors were accompanied with trains, 
which, however, disappeared immediately on tho extinction of tho head. 
Most of those seen were white, but several appeared blue, and some 
of a yellow colour. No sound was heard after the explosion of any of 
them. The meteors were most numerous on the night of the llth-12th; 
and the same was the case in the year 1869, according to my own 
observations.’^ 

At Hawkhurst the paths of 107 bright meteors were recorded with more 
or less detail by one observer, during a watch of about ton hours, on the 
nights of the 9th-13th of August, lasting about three hours (until shortly 
after midnight) on each of the first three nights, and for a shorter time on 
the other two. Tho average hourly numbers noted on the former nights 
were six bright meteors on tho 9th, sixteen on tho 10th, and eleven of 
similar character on the 11th. Three brilliant meteors appeared on the 
night of the 12th, and one on the night of the 13th, among ten bright ones 
recorded in an hour on tho former, and seven in the same time on the latter 
night. Of these, the first (already stated to have been scon at tho Royal 
Observatory, Greenwich) appeared at 10** 46"‘ 30® p.m., with a sensible disk 
and apparently fully as bright as Venus, of dazzling bluish- white light, 
crossing /3 Ursee Minoris from a point about half a degree below Polaris, be- 
ginning at R. A, 40®, N. Deck 89^®, and ending at R. A. 225^ N. Dccl. 75® 
It left a bright streak which remained visible, on its whole course for about 
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three seconds. At the Royal Observatoi^, Greenwich, the meteor, of pale- 
green colour, leaving a biiglit streak visible for fourteen seconds, moved 
in about two seconds from i Cassiopeia) across j3 Cephei, almost to a Lyroe. 
The other two bright meteors seen at llawkhurst on the 12th were scarcely 
inferior in brightness to this one. That which appeared at 11^ lb*" passed 
from r Pogasi to a point midway between y Piscium and f Aquarii, changing 
from blue to yellow colour as it increased, and leaving a bright streak for a 
few seconds on its course. The second was observed at 11*" 34"", passing in 
fully one and a half second over 30^ or 40^ of arc from the star /3 Andromedic, 
along a lino directed from n Cassiopcioe and inclined about 50° to the horizon. 
It loft a bright streak for some seconds on its course, which was broken into 
two, or had two maxima of brightness at two different points of its length. 
The apparent paths of these two meteors were : — 

R. A. N. Peel. R.A. N.Pecl. 

August 12. $. Began at 348^ + 22°. Ended at 343°+ 0° 

„ IP 34-=$. „ 15+35 „ 13+10^ 

The trains of most of the meteors seen at Hawkhurst were bluish and 
ratlicr faint, cxcc])t when seen foreshortened. They sometimes distinctly 
spread out after the star had disappeared, and grew gauze-like. They 
rarely resembled the golden-yellow dotted lines which have sometimes been 
seen to mark tbe track of bright meteors in former August showers. 


J^oshlon of the Jluili ant -point. 


At Biistol, on the evening of the 10th, Mr, AV. E. Denning saw several 
small meteors which, from their various paths, must have been in close 


proximity to a radiant-point which is 
undoubtedly situated at R. A. 2*" 30- 
(37i°), IS". Decl. 58° 30'. This is 
about 3P S,\V. of the sword -handle of 
Perseus, and between ^ Pcrsci and B 
Camclopardi. I saw several small 
meteors whoso paths were extremely 
short, that came exactly from the 
place I have indicated. The annexed 
is a rough delineation of a few of tho 
meteors’ paths that were observed in 
tho neighbourhood of this radiant- 
point in Camelopardalus. There were 
many other meteors whose paths were 
conformable to B (’amclopardi ; and 
there appears no doubt as to this being 
tho radiant-point, or rather the prin- 
cipal one.” 

London, August 10th. — On thi.s 
evening the radiant-point appeared to 
Mr. Crumplen to be for most of the 
meteors near ^ Persci ; but another 
radiant-point higher up in the sky 
was quite apparent for some of them. 
“ In the case of every meteor, whether 
mapped or counted, I ran my eye 
back along tbe track to determine, if 


(5 
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possible, the true radiant-point. It 
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appeared clear enough to mo that there was more than one radiant, or that 
a somewhat extensive space of the sky would be required if the tracks of all 
the meteors were to be included in it. I believe, however, that the great 
majority of the meteors will be found to have diverged from a spot rather 
higher than the famous cluster in Perseus (33 ^vi), say about above. 
Meteors from this point have been plentiful each evening, and three quarters 
of those observed between 11’^ and on the 10th came from there. I 
noticed that these followed each other rapidly, and that after a lull for a few 
minutes, a radiant still higher would manifest itself, as will bo indicated by 
the map. The radiants in Ursa Major, Cygnus, and Pegasus were also 
active, especially the latter ; but with one or two exceptions these meteors 
were not particularly noted.’’ 

From a very full projection of more than 300 meteors seen at York between 
the 5th and tlio 12th of August, Mr. J. E. Clark obtained the proportions of 
the meteors directed from each of the principal radiant-points of the shower 
in 1871. ^‘The proportion of the Perseids observed was about 85 per cent., 
from Cygnus 7 per cent., from the radiant below e Pegasi about 4^ per 
cent., from Polaris about 2 per cent., and from an apparent radiant-point 
in Aquarius about 1 per cent. One meteor was observed in Auriga, appa- 
rently from a radiant-point near Aurigee. 

“The main radiant on the 10th, as shown by the mapped courses, lay close 
to 7j Persei ; but very many were directed from a Persci, or even lower still, 
whilst a large number extended the radiant to x- Besides the central radiant, 
there seemed to be one or two outlying points from which the tracks appear 
to diverge. One of these seems to be between /3 and y Andromedae, and 
another by c Camel opardi. 

Of meteors almost stationary, the best was one seen by Mr. Waller 
and Mr. Brown just by rf Persei on the 8th. 1 observed some nearly 
30, near y Persei on the 8th, below jj on the 10th, and at x the 1 1th, also 
by y Draconis on the 10 th ; and Mr. Prown saw one by p Cephei on 
the 8th.” 

In a letter in ^l^'aturc’ of August 17, 1871, Mr. Clark communicates the 
lumbers of the meteors seen on each night, together with some further par- 
ticulars regarding the above radiant-points, which are hero appended. 

“ Having been engaged during the past week in observations on the August 
meteors, I thought a few of the results might be interesting to some of your 
numerous subscribers. My regular observations extended from Sunday night 
to Friday night ; and, as the following Table will sliow, the Aveather was, iviUi 
the exception of one night, as favourable as could reasonably be desired. 
From over 120 meteors mapped down (out of about 330 seen) it is evident 
that tlio principal radiant-point, or rather line, is a line draivn from o Persei 
to y Persei, and omvards towards r^. One bright meteor ivas seen on the 8th, 
just below rj Persei, which did not move more than in a second of time, 
and left a cloud behind it lasting about two seconds. A remarkable fetiturc 
Avas the o\itlying radiants, as they appeared to be, one of which Avas situated 
at or near 0 Cassiopeioc, another near the star c of Camelopardalus. The 
radiant situated between I Cygni and y Draconis is very Avell marked ; also a 
radiant near y Cephei (where another almost stationary meteor was 
observed), and one just below e Pegasi, towards « Aquarii; associated 
apparently with the last is a radiant near the small lozenge in Delphiniis, 
above a Aquilm. 

‘‘ In the following list of 312 meteors observed hero, 242, or about 77 per 
cent., were from the Perseus radiant or radiants ; — 
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Meteors seen August 1871, at Yorle, 


Date. 

Hours. 

State of sk)'. 

Number 

observed. 

Number observed 
from Perseus. 

Proportion. 


h 

m b 

m 





August 5 . . . 

lO 

0-10 

10 

Fine 

6 

5 

•*3 

M fi... 

lO 

20-12 

0 

Fine 

34 

28 

•82 

n 7 ... 

lO 

O -12 

0 

Fine 

49 

i 

30 

'61 

„ 8... 

lO 

0-12 

0 

Fine, till 1 1*45, 


0...' 




then cloudy ... 

50 

3 * 

•62 

lO 

30-11 

30 

Cloudy and liazy . 

6 

4 

•6 

„ 10... i 

9 

55-12 

5 

Few clouds at 

1 






tiinoH, and very 








slight haze 

* 120 

106 

•88 

11... 

9 

55-12 

5 : 

i 

Ditto 

47 

3* 

'80 


Generally two watcliing, sometimes three, and once or twice but one. 
For tlic 10th I had a list of twenty-six others handed me, observed by a 
friend close at hand, of which nineteen were from Perseus. 

“ J. Edmund Clark.” 

“20 llootbam, York, August 11 .’* 

At Birmingham the position of the radiant-point appeared to Mr. Wood to 
have undergone no change from its apparent place as desciibed in former years. 

At Manchester on the 10th, and at Bolton on thclltli and 12th, Mr. Greg 
noted especially the short meteors near tlie radiant-point in order to deter- 
mine, if possible, its real place. On the night of the 10th it appeared to be 
situated about halfway between t] and ^ Porsei, on the lltli exactly at 
and on the 12th about Inilfway between r/ and y Persei. In relation to these 
results Mr. Greg observes : — “ There can, 1 think, be little doubt, judging from 
my own observations, that this year the radiant-point was lengthened out on 
a line between \ and y Persei, with the centre precisely at r} (or k)^ that 
there was a tendency to move with the time from x towards y, and that on 
the night of the 11th the tendency to accurate radiation was unusually pre- 
cise. Probably accuracy of radiation is a symptoiii of a i)articular shower 
being at its maximum intensity, with the individual meteors less scattered 
than at periods of its minimum display. I saw so veiy few meteors move 
near the radiant, either up or down, that I cannot so precisely state tho 
position of the radiant-point in right ascension as in declination.'’ 

Among the list of meteors received by the Committee from the observei’s 
of the August shower in 1871, the paths of 810 meteors noted on the nights 
of the Dth, 10th, and 11th of August were sufliciently well indicated to be 
correctly delineated on suitable star-ma])s. Of the whole number nine were 
directed from a radiant-point near the north pole of the heavens, at about 
K. A. 10^, K. Decl. 82^; fourteen proceeded from a radiant-point in Cygims, 
apparently close to ^ Cygni, at about li. A. 208*^, N. Docl. 42° ; and thirty-three 
meteors diverged from radiant-points in or near tho constellations Pegasus 
and Aquarius. Of the remaining number a few meteors appeared to be very 
erratic or sporadic, and about 250 were distinctly members of the shower 
diverging from the radiant-point in Perseus. The long dumtion of the 
shower appearing to offer a favourable opportunity for ascerhiining if tho 
position of tho radiant-jmint undorwoiit a sensible change during the time of 
its continuance, the recorded apparent paths of all the Perscids noted during 
successive intervals of ten minutes on each of the nights of observation were 
1872. H 
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projected upon separate maps, A similar projection of the paths of the 
meteors recorded at the Eoyal Observatory at Greenwich on the night of the 
10th of August was also made upon a separate map for each interval of ten 
minutes during the hours of observation. With the exception of the period 
between 9*^ and lO*' p.m. on the 10th among the Greenwich observations, and 
between and 10^* 45"^ p.m. on the same evening among those of the 

British-Association observers, when 40 per cent, of all the meteors mapped 
diverged very accurately from a centre of radiation at about It. A. 34°, N. 
Decl. 61° nearly midway between ^ Persei and i Cassiopciie, and a very 
marked activity of this radiant-point during the following hours of both those 
series of observations until midnight on the 10th, no tendency to accurate 
divergence from a single radiant-point during any sustained period was obser- 
vable during the continuance of the shower. A radiant-point near ri Persei, 
which was also discernible among the British -Association observations on each 
evening of the shower, presented itself most conspicuously in those made at 
Greenwich on the evening of the 10th, towards midnight, and by the inter- 
section of its meteor-tracks with others from the more northern radiant, 
appeared to give rise to a prominent centre of divergence after midnight 
between y and c Cassiopeim, which may have owed its apparent activity to 
the simultaneous existence of the former pair. The gentu-al radiant-point of 
the meteoric shower at Greenwich on the night of tlio JOth was very nearly 
the principal one already indicated, with a tendency, especially after midnight, 
of some meteors to come from directions nearer to rj and to y Persei. All 
the meteor-tracks noted by the British-Association observers between 0^’ 36"' 
and 12^44'" on the 10th having been projected upon a single map with the 
radiant-point in Perseus near the centre of the projection, a densely crowded 
region of intersection of the tracks prolonged backwards was found to occupy 
a roughly triangular space of about 10° in length along each side, having its 
centre very nearly at the above indicated spot in 11. A. 3(5°, N. Decl. 58°, and 
its angles in nearly symmetrical positions at points in 11. A. 31°, N. Decl. 01°, 
R. A. 36°, N. Decl. 53°, and li. A. 45°, N.Dcci. 59°, as shown by the small 
circles marked in the accompanying figure. The first of these points cor- 
responds very closely with the definite radiant-point, which was most conspi- 
cuous during the early portion of the shower. 

On the night of the 1 Ith the principal intersection of meteor-tracks recorded 
at the Royal Observatory, Greenwich, was still close to the latter point, at 
R. A. 31°, N. Decl. 62°, during the hours of observation from 0^ until 1 3*‘ 30"', 
with subordinate points of intersection at B and D Camelopardi, and between 
ti and P Persei. A projection of all the tracks recorded by the British-Asso- 
ciation observers between 9** 45"‘ and 13'‘ on this night having been made on 
a similar map to that prepared for the observations of the lOtb, the principal 
centre of divergence was found to be placed not far from its position on the 
previous night, a few degrees northward from ^ Persei, at R. A. 31°, N. 
Decl. 58°. A meteor with very short course appearing close to this point 
marked its position very nearly. The tracks of the remaining meteors were 
almost evenly distributed round it. within distances which included nearly all 
the courses of 12° or 15° from its centre. Rut other apparent centres of radia- 
tion also presented themselves somewhat definitc^j^ near the north and south 
borders of the radiant-region, in the neighhonrhodd of i? CJassiopcioo and rj Persei, 
at points in R. A. 25°, N. Decl. 63°, and R. A. 42°, N. Decl. 55°, as shown 
in the figure by the small circles marked forming apparent outliers of the 
central point. 
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On the nip;ht/ of the 9th of AnpjiiRi the apjinrcnt paths of PerseVds re- 
corded ])y tlie liritiHli-AHRoeiution o])S(t\<i.s latwnn 9’‘ and 12^‘ /)0"* appear 
to luivc diverged troni t\vo ddinite radiaiit-].(>inls (»!' nearly e(pial intensity at 
tlu' extremities of an oval s]»ae(‘, extending from >/ Persei tonear c Ciissiopeiae, 
tliiongli which neujly all the neorded ])aths prolonged backwards passed. 
Tliese points were situated in It. A. 29®, K.Decl. 60®, and K. A. 39®, -f 55®. 



The general centre of divc'rgenee of tin' Ih-rst ids during the whole pfU’iod of 
gri'iitest int(‘nsit v of llu* sliowcr on tin' nights of tin' ihit -12th ot August , ISd, 
^\els sliown ])v iIk' ('()Ui1>ined results of olK->ei vat ions ti) he a tew d('gr«'('S 

iiortliwaids fioin tin* star ^ Pei ^('i, and not far troin a point in K. A. do , 
N. Dc'el. .)!)\ ^\hiell is tlie a\eiage place «)htann'd h\ giving erpial wi'ight to 
all the separate radiaid-ceuires shown in the iigure, of which the positiuns 

H 2 
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were determined from the observations of the shower communicated to the 
Committee by the observers for the British Association. The figure represents 
in plane perspective the apparent paths of all the Perseids noted on the nights 
of the 9th, 10th, and 11th of August, 1871, whose visible tracks were in the 
Immediate vicinity of the general radian -tregion of the shower. 

Meteor-showers in October^ 1871 . — On the night of October 14th, between 
11** and 12** p.m., six meteors, as bright or brighter than Ist-magnitude 
stam, were observed at Hawkhurst in one hour, radiating with considerable 
accuracy from a point near the head of Aries, and close to the point of first 
appearance on this date of the radiant R. in Musca, which appears to contri- 
bute bright meteors from the direction of this constellation during the prin- 
cipal meteor-showers of October, November, and December, but from which 
80 many bright meteors in one hour as those seen at Hawkhurst on the above 
date form an exceptional display. Another meteor, like one noted on this 
date, as bright as Sirius, proceeded from the same radiant-point, passing over- 
head at Hawkhurst, and leaving a faint streak, at 11** 45“ p.m. on the 19th ; 
and two scarcely leas brilliant members of the same meteor-shower appeared, 
with short courses and slow motion, near the radiant-point on the 2l8t of 
October. Three or four bright meteors with swift motion and leaving bright 
streaks on their tracks, proceeding apparently from circumpolar radiants near 
Aj 4 . j. and Ej, ^ in Cassiopeia and Auriga, were noted during the same short 
watch at Hawkhurst which was kept on each of those dates. The sky was 
overcast with rain and wind on the nights of the 18th and 19th at Hawk- 
hurst, and at all the other places from which communications were received ; 
and although occasional openings of the clouds allowed a few stars to be seen at 
Hawkhurst, where the single bright meteor last noticed was observed, and at 
Tooting, where Mr. H. W. Jackson kept a watch for them whenever the state 
of the sky permitted, no other shooting-stars were recorded. But in a mode- 
rately clear sky, from 7** 45“ until 11** p.m. on the 18th, six meteors of some 
brightness were mapped at the Royal Observatory, Greenwich, two of which 
were directed from Rg, one from the north pole, and the rest from a radiant- 
point near A^^ in Cassiopeia, or ^ in Auriga. 

On the night of the 20th the sky remained overcast at the southern 
stations ; but at Birmingham, Sunderland, and Glasgow a few meteors were 
visible through fog and haze, which generally obscured all stars less bright 
than the third magnitude, until nearly midnight, when the sky gradually 
became more clear. Three small shooting-stars were observed at Glasgow 
by Mr. R. M‘Clure between 11** and 12** p.m., and two by Mr. Wood at Bir- 
mingham, as described in his observations on the shower. 

Between 9 o^clock and midnight on the same evening, four meteors, three 
of which were directed nearly from Rg, and one apparently from the north 
pole, were observed by Mr. T. W. Backhouse at Sunderland ; they wore 
unconformable to the radiant 0 (Schiaparelli, No. 80, B. A. Report for 1870, 
p. 98), or to any of the other radiant- points noted by Mr. Backhouse in the 
morning hours of this and the two following nights. Another bright and 
unconformable meteor, seen on the same night, was also directed from the 
north pole ; while the twenty-one remaining meteors, seen in the course of 
about two hours of observation on the mornings of the 2l8t, 22nd, and 28rd 
(and all but three on the earlier dates), indicated the return of the October 
meteors, and presented some contemporaneous radiant-points, of which Mr. 
Backhouse gives the following description in his remarks on these results of 
his observations : — 

“ The meteors marked A [twelve meteors noted in about an hour and a 
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half on the mornings of the 21st and 22nd, and another on the morning of 
the 23rd] in tho list belong to Schiaparelli’s Badiant No. 36 ♦, and those 
marked C [two meteors noted on the last morning of the watch] to his 
No. 37 1* Those marked B [five meteors seen on the mornings of the first 
two nights] have a radiant-point in 11. A. 113°, N. Deck 58° ; but, owing 
to tho remarkable swiftness of these meteors, this point can be only approxi- 
mate. I make the radiant-point of A at 11. A. 97°, N. Bed. 15°, taking the 
observations of all three nights. The meteors marked U were unconform- 
able to all these showers. It will be seen that only one of these appeared in 
any of the mornings, and no unconformable ones in the evenings. 

“ The hourly rate of frequency of meteors of all kinds, at that tiino of 
morning at which they were most numerous, was on tho 20th [morning of 
tho 21st] iO, on the 2ist 12, on tho 22nd 8.” 

None of tho shooting -stars observed at Hawkhurst, or at tho Koyal Obser- 
vatory, Grreenwich, on the evenings of the I4th and 18th of October were 
directed from the radiant-point in Orion ; but on the night of the 21st the 
tracks of eleven meteors from this radiant-point were mapped at Hawkhurst 
between tho hours of 11^' 30™ and 13‘' 30™, and an approximate position of 
the radiant-point was obtained. This appeared to bo between the stars y, v 


Ueminorum and v Orionis. A 
small meteor, almost instanta- 
neous, near this point described 
a short path, which appeared 
curved towards CasStor and Pol- 

a 

O 

? • • 

• 

Gemini 

lux, and which lay in the sky 
like a bent whip (sec the sketch) 

# 

between y Geminorum and { 
Taiiri, at about 11. A. 9U°, N. 

• 

.. 

. X 

y • •• Orion 

.t 

Beck 20°. The last meteor of 

• 

the shower seen at Hawkhurst 
on this night ^vas directed from 
the point C, between Castor 
and Pollux, regarded by Mr. 

Backhouse as having furnished 
a few meteors on tho morning 
of the 23rd of October, at Sun- 
derland, during his observations of this shower. 


With regard to the appearance of tho October meteors at Birmingham, 
Mr. Wood communicated to the Committee the following results of his obser- 
vations of the shower in the past and in previous years ; — 

Luminous Meteors. 

Birmingham. Epoch 19th October. W. H. Wood. 

The meteoric shower of the above epoch has not been visible from this 
station since 1868 ; and the following arc tho unpublished results of those 

* Brit. Assoc. Report for 1870, n. 98.— Oct. 21. Near y Gemi norum, at R. A. 96°, 
N. Beol. 13^, Apparently identical with the nuiiant- O, nejir v Orionis, described in 
previous Reports, of the meteor-shower on October 18-21. 

t Ibid. Between Cast'Or and Pollux, on October 21-25, About 17'^ or 18° from 
Schiaparelli’s position of the former radiant-point. 

t Connected, apparently, with tho radiants [Report for 1868, p. 103], from the 
middle of ^ptember to the latter end of November, at R. A. 83°, N. Deck 50°, near «, /3, 
and ^ AurigsQ. 
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observations, together with those of the succeeding years, to the present date 

(1871) 

Meteoric Shower, October 19, 1868. 


Centres of radiation and the number 
per cent, from each. 


Badlant. 

0 

■^ 14 , 15 

A.0 



11,, 4- R. .... 

u+g+t„3.. 


per cent. 

= 57 
= 7 

= 10 
= 10 
= 10 
= G 


Probable time of maximum, 
18th-19th. 


Percentage of colours. 

Orange or yellow = 40 

Blue = 40 

White = 20 

Percentage of magnitudes . 

Equal to Sirius = 18 

„ 1st mag = 20 

„ 2iul mag =28 

„ 8rd mag. and under = 44 


48 per cent, left reddish trains. 


Rate of Apparition. 


Date. 

Hour (G.M.T.). 

Number of i 
meteors 1 
i registered. 1 

Hourly 

average. 

State of the sly. 

18. 

12.0 to 12.80 a.m. 

6 

12 

Clear. 

18. 

9.45 P.M, to 10 P.M. 

1 

4 

Hazy; overcast at 10.45. 
Foggy ; stars dim. 

19. 

10.30 P.M. to 11.30 p.m. 

4 

4 

19. 

11,30 P.M. to 12.30 a.m. 

10 

10 

Clear. 

20. 

P.M. 

, . 


Overcast. 

21. 

10.45 P.M. to 11.45 P.M. 

0 

6 

1 Clear. 


As far as tho weather permitted observations, it would seem probalde that 
this shower was above tlic average of its hind in hourly numlxu's seen, and 
presented its distinctive features of ruddy meteors leaving trains, of which 
57 per cent, emanated from the radiant O in Orion ; tho remainder issued 
from seven other radiants. Few meteors were seen before 11.80. 

1869, October 19, p.m. — The brightness of the full moon obscured the 
meteors (if any). 

October 19, 1870. — From the 18th to the 20th stormy weather (p.m.). 

October 19, 1871. — 18tb, overcast. 19th, overcast; heavy rains (p.m.). 
20th, foggy; from 10. 2Q to 11.20 p.m. 2 meteors: 11.10 p.m., 2nd mag., 
blue, 0-5 sec.; from 86,4-58, to 74,4-50; radiant Fj ; left a streak (the 
other meteor was not observed accurately enough for mapping : 10.85 p.m., 
ruddy, 2iid mag., in head of Cetus, rad. 0 ?). 

Meteor-showers of November 1871 . — At Brancepeth, Durham, Mr. Joseph 
Lawson noticed some conspicuous shooting-stars on the evening of the 8th of 
November, of which ho gives the following description : — ** On Wednesday, 
the 8th, at about 6 p.m:., I saw four meteors in five minutes ; the brightest 
about the 2nd magnitude. One passed through Corona, the other three were 
all through xiquila ; but their directions were such that 1 could see no radiant- 
point, One described a course of fully 60° (see the accompanying sketch, 
p. 95).’’ 

From a report of observations at Sunderland received from Mr. Back- 
house, it appears that one or two meteors from Leo were visible on the 
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evening of Iho 8th of I^ovcmber, between half-past 10 and half-past 11 
o’clock, one of which, at 10“ .‘37“, was ^ 

perfectly similar to the Leonids in all / Ajidlo' 

respects, and was os bright ns Sirius. # /• * 

A 2iul-maguitudo meteor, leaving a 
long streak, also shot belwoecn Aries 
and Cetiis frojii tlio diicdion of tho / 

Pleiades and of the head of Leo as / 
late as the evening of the isih of ^ 
jNovember, (piite nvsenibling in its ap- 
pearanct^, and being jierfeotly coiifonn- 
able to the radiant -point of that well- 
known group. The following notice of 

a eoutemporaneons radiant-point accompanies Mr. Backhouse’s description of 
his observations of the shower : — 


“ 1 enclose a Table of the most important meteors tliat I saw last month. 
Those marked L are Le«inids, and those marked 11^ arc conformable to Ileis’s 
radiant-poiiit 11^*. I was surprised to see two TiConids so early as November 
8 ; although the path of that at l0“ 37"’ was not (piitc in the right direction 
for the great shower of the 13tli. I have not the least doubt that it was one 
of tliem, for it was exactly like them. 1 watehed for the L(‘onids for 25 
minutes on tlic 12th [morning of the 13th j, between 10“ 17"’ and 17** 25*", 
and saw two. The next night wjus throughout cloudy, whenever I looked 
out, with very small gaps in the clouds, so 1 saw no meteors.” Besides the 
L(u)nids here noticed five meteors (]ire<*1ed from the radiant-point were 
seen on the nights of the Sth and 0th of November. 

At the Iloyal ObstU'vatory, Greenwich, the sky was overcast on the nights 
of tho 11th and 13th, and only clear at intervals on that of the 12th. A 
watch was, however, kept on the last two of tlieso nights until after 3 o’clock 
on tlio morning of tlie 13th, and until daybreak on the morning of the ]4th 
of November, and tho apparent courses of about thirty shooting-stars were 
ma])ped. Of tlu'se, four on each night proeoed('d, roughly, from the direction 
of Leo, the remaining meteor-courses being eliietly directed from Taurus and 
from other conlemjioraneous radiant -points in other parts of the sky. On 
tlie night- of the 14 -1 5th the sky was again quite overcast; and as far as 
could be gathered from the ohservations under such unfavourable conditions, 
tho numbt'r of the Leonids observed was two or tliroe times less than that of 


tin*, meteors visihhi from other radiant -])oints, or of the s]>oradic meteors visible 
on an ordinary November night ; and no distinct roturn of the November 
meteor-shower at the Iloyjil Observatory, Greenwich, could be recorded as 
having been visible on the annual dates in the year 1S71. 

Although cloudy on tho pri^ious and the following nights, the sky was 
remarkably clear at llawkhurst on tho night of the I3lh-14th of November; 
and a watch for tlie November mi'lcors wa.s kept from half-])ast eleven until 
half-past one, and again for about half an hour soon after two o'clock. The 
lirst Leonid was visible at 11“ 33"’, as bright as Jupiter, ]>assing in a long 
course and leaving a long streak from under Ursa Elinor to the N.W. horizon. 
In the following two hours twelve Lionids and twentj"-six other meteors, 
none of very great brilliancy, were noted, and their courses were mapped by 
one observer. The unconforinable shooting-stars all proceeded from a radiant- 
region in or near tho space contained between the heads of Taurus and Orion 


• Also notiewl by Mr. Backhouse on tho 4lh and 6lh of November, 18G0 ; see these 
Reports for 1870, p. 1)7. 
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and the feet of Gemini and Auriga, while the Leonids were directed from a 
better- defined radiant-region in the head of Leo. Two more Leonids, and 
two other meteors belonging to the group from Taurus, wore recorded during 
the short watch between 2^ and 2'' liO"' a.m. on the 1 4th. One accordant 
observation of a meteor from Taurus, simultaneously observed at the Royal 
Observatory, Greenwich, at 12^^ 3'” 12", was obtained ; and the comparative rate 
of frequency of the Leonids and of the unconformable or sporadic meteors 
visible during the same watch nearly confirmed the results of the watch kept 
by Mr. Glaishcr s staff of observers at the latter place. 

At the observatory of Stonyhurst College the Itev. S. J. Terry obtained an 
uninterrupted view of the November meteors during sevend hours of their 
appearance on the morning of the 13th of November; and the following 
results are obtained from the list of meteors whieli he observed. The sky 
was overcast until l(V‘ 15'" p.m. on the 12th (when a regular watch was com- 
menced), find was clear, with the exception of a few stratus clouds, until 
3^ 15"\ when it became quite clear, and remained so until the end otihe 
watch at 6*' 30‘" a.m. on the morning of the 13tb. The times and other par- 
ticulars of the^appcarance of fifty-five meteors were reconhal, with the posi- 
tions of their apparent paths among the stars. Of llu'sc about twenty were 
Leonids, and fifteen, seven of which were Leonids, were as bright as first- 
magnitude stars. The following numbers of shooting-stars, and of the 
meteors which appeared to radiate from Leo, were observed in the successive 
hours ending at — 

1871, Nov. 13th, A.M.. . 12"* 13"^ 14*' 3^ 4^ r/ 0^ 30*" Totals 

Nos. of meteors seen ..4 9 (> 12 3 7 10 4 55 

Nos. of Leonids 2 1 0 7 1 1 0 2 20 

The majority of the unconformable meteors noted during the watch pro- 
ceeded from the directions of those parts of Gemini, Orion, Taurus, and 
Auriga near the head stars of Orion, or hot ween the llyades, the Pleiades, 
and the Twins. 

“ In the watch for meteors kept under the din'ction of M. Le Verrier in 
France, on the nights of the 12lh, 13th, and 14th of November, those ob- 
served on the 12th and 13th issued from a point in the neighbourhood of the 
constellation Auriga ; the * Leonides,’ or meteors issuing from Ia3o, were most 
numerous on the night of the 14th” (Notes from the ‘ Comptes Rendus’ of 
Nov. 20, 1871, in ‘Nature’ of Nov. 30, 1871). 

The following description of the November meteors, as they appeared at 
Newcastle- on -Tyne on the moniing of the 15th of November, 1871, was 
communicated in a letter from Professor Herschcl, in ‘ Nature ’ of the 30th 
of November : — 

“ Shortly before four o’clock on the morning of the 15th tho clouds cleared 
otF, and the appearance of several meteors, one of which was as bright as 
Jupiter, gave evident signs of the progress of tho November star-shower. 
The perfect clearness and darkness of the sky, in the absence of the moon, at 
the same time gave especial brightness to the meteors and to their phospho- 
rescent streaks. Between four o’clock and the first approach of daylight, at 
six o’clock, thirty-two meteors were counted, or at the rate of sixteen per 
hour, of which three were as bright, or brighter, than firstr-magnitude stars, 
nine as bright as second, six as bright as third, and eight no brighter than 
stars of the fourth or lesser magnitudes. Twenty-six of these meteors were 
directed from the usual radiant-point in Leo, which on this occasion, although 
not very well defined, appeared ^ be approximately close to tho star Zeta, in 
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Leo’s sickle. About one half of their number left persistent streaks, which 
sometimes appeared to grow brighter after tlie meteors had disappeared ; and 
I vainly endeavoured to bring them into the field of view of the direct* vision 
prisms of a small spectroscope, the duration of the brightest streaks noted 
scarcely ever exceeding one or two seconds. A very brilliant meteor, casting 
around a flash like that of liglitning, was seen here shortly after nine o’clock 
on the evening of the 13th (and its appearance was also noted at Woodburn), 
traversing the north-west sky. Tliesc particulars, imperfect as they were, 
unfortunately, rendered by the cloudy w(‘uther, are tlie only descriptions of 
tlie November stur-sliower which its appearance here has liitherto enabled 
me to supply. 

“A. S. Herschel.’’ 

“ Newcnstlo-{>n-T)'ne, Nov. 17.” 

Meteor-shower of Jkcemher 12fh, 1.^71. — Arrangements similar to those 
miKle for observing tlie other meteor-showers of the past year were prepared 
by tlie Committee in expei tation of the return of the December meteors in 
1S71. On the evenings ot‘ the 5th and fith, and on the night of the 12th and 
13th, ]Mr. T. \V. Ihiekhouse recorded eighteen shooting-stars seen at Ilkley 
in Yorkshire and at Sunderland, one of which on the 1st, and most of those 
seen on the latter dales, wcire din‘cted very nearly from the usual radiant- 
point in (iemini. Throe of those noted on the 5th jiroceeded from the Kadiants 
A near Cassiopeia, the appearance of which in November and Decem- 

ber has bctui supposed to be connected, not improbably, with the periodical re- 
turns of Jliela’s comet. Although the clouded state of the sky prevented any 
meteors from being seen at Sunderland during the hours aj)poiuted for obser- 
vations on the evenings of the 11th, 12th, and 13th, three meteors from 
Gemini were seen on the evening of the 11th, and two others during a short 
watch on the morning of the 13th, when the sky was clear ; while only three 
meteors unconforiiuible to the same radiant-point were recorded by Mr. Back- 
house during the time in which those five meteors of the December star- 
shower were observed. On the nights following the periodic dates, it will be 
seen from his report that very few meteors directed from the well-known 
radiant-point of this annual star-shower were observed. “ On the 13th 
[morning of the 14thJ 1 watched for 25 minutes, about Ib*^ and 17*^ (it was 
equal to about 9 minutes’ watch in a cloudless sky), and I only saw one 
meteor; it was not a ‘ Geminid.’ On the 14th [morning of the 15th] I 
watched for 45 minutes in a cloudless sky between 17*‘ 15‘" and 18^* 21“, and 
saw nine meteors, all in the first 2b minutes. No radiant-point was, how- 
ever, discernible ; one was a ‘ Geminid,’ apiiearing at 1 7*' 36’“. It was of the 
fifth magnitude, and disappeared at ^ (tt Leonis, 15 Sextantis).’’ A bright 
meteor, described in the foregoing accounts of large meteors, directed appa- 
rently from the radiant-point A w’as seen by Mr. Backhouso on the 
evening of the last-named date. 

At the Royal Observatory, Greenwich, the sky was generally overcast on 
the periodic nights, and only one small meteor, on the evening of the 12th, 
unconformable to Gemini, was observed. 

At llawkhurst the sky was occasionally cloudy on the evening of the 12th 
until 11‘', when it became <]uitc clear, and a constant watch for shooting-stars 
was kept between lO^ 15’“ p.m. and midnight. Thirty shooting-stars were 
observed, of whhdi fourteen were visible before 11 o’clock. The apparent 
courses of twenty-six of these meteors projected upon a map showed that 
eight were unconformable to, and of the remaining number four appeared to 
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bo very erratic members of, the group directed from the radiaiit-point iu 
Gemini. The tracks of fourteen (or 54 per cent, of those mapped) prolonged 
backwards passed through a small circle about 1 2° in diameter, having its 
centre about 5° from Castor, towards 0 Gemirioriim, at 11. A. 108^, N. Dccl. 
553°, which was the apparent centre of divergence of the shower. About 
one-lnilf of the ‘‘ Geminids ” were brighter than second-magnitude stars, and 
two of the brightest left a persistent streak of light on their course. They 
appeared white, and their apparent motion was, in general, not swift. On 
the evening of the 13th the sky at Hawkhurst was completely overcast. 

At Tooting, near London, a w'^atch for th(‘ir a])pe[irance was k('[)t for 
1** 20’", between 0^ 40"‘ and 11^’ 20’", by Mr. II. W. Jackson; the sky was 
(piite clear, and the apparent x>Jiths of seven meteors directed from (umiini 
were recorded on a map. Prolonged backwards tln^ tracks of these “ (leiiii- 
nids ” all crossed a amaU circle not more than 8° or 10° in diameter, wlioso 
centre was nearly midway between Castor and Pollux (slightly towards tlie 
neighbouring star t Gerainorum), at li. A. 112°, N. Decl. 30°. Ln his remarks 
on this night’s observations Mr. Jackson observes tliat his attention was 
wholly given to recording the apparent courses of the meteoi-s with exact- 
ness, so that their apparent places of appearance and disappearance, as drawn 
upon the map, were probably not more than half a dc'grcc in error either way ; 
and all the meteors whoso apparent paths wore drawn upon the maj) were 
satisfactorily well observed. No particular attention was accordingly given 
to the appearances of meteors from other radiant-points, nor to ihc various 
characters of brightness, duration, and of leaving persistent streaks wdiich 
were presented by the Geminids that were observed. On the evening of the 
13th the sky at Tooting was completely overcast. 

A definite radiant-imint of the shower very near to the latter position 
appears also to bo indicated by the ap])caranco of one of the riu^tf^ors of the 
December group, Avith a very short course, on the same (‘Viuiing, as obsei*V(Ml 
by Mr. W. P. Denning at Lristol. The sky was geiu^rally unfavourable for 
observations on both evenings of the 12th and 13th of Diu embcr ; hut the 
descent of a large meteor (as described in the foregoing list) was noti^d near 
the Avestern horizon at 0*’ 42'", and throe other meteors A^ero seen during a 
short interval of a quarter of an hour on the niglit of tlu^ 12th, Avhen the 
sky was clear, and a watch Avas kept by ^klr. Denning for the return of the 
December meteors. ‘*At 10^’ 3"’ p.m. a small meteor was seen. It Avas 
evidently in close proximity to the radiant-j>oint, its paLli being veiy short, 
and not extending over more than one or two degrees. It div(U’g{‘d from 
i Geminorum (about 4° S. of Castor), and Avas of momentary duration. 
The direction of its extremely short path seemed to be toAvards tlie zenith. 

‘‘At 10^ 18™ 1 saAV a much brighter meteor. It emanated from Gemini, 
and passed to the horizon in the south. One part of the path occupied a 
place about 8° south of Uigel in Orion ; there A^'as no train, Otluir meteors 
were seen, but the exceedingly clouded state of the sky rendered it impossible 
to note their paths.” 

The following observation of a single meteor at Birmingham on the night 
of the 13th, together with a notice of the appearance of the shower as 
recently recorded there in previous years, was received from Mr. Wood : — 

“ December 1 2th, Meteoric Epoch. — Birmingham ObservatioTis. 

“ In 1866. — See the British Association Reports for that year, 

“In 1867. — No observations; probably from bad Aveatber, or impeded by 
moonlight. 
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“ In 1 868. — 8ee the British Association llcports for that year. 

“ In 1860. — December 12th, a fine night ; one meteor in half an hour, 
from radiant (i. 

“In 1870. — Overcast on the 10th, Hth, J2th, and 13th, excepting a 
clearance of an hour’s duration from 1 1** 30™ p.m. on the 12th to 1 2*^30™ a.m. 
on the 13th. Five meteors in three quarters of an hour from radiant G, 
and traces of radiant K. 

“In 1871. — D(jcember 12th and 1.3th, overcast, excepting half an hour 
from 11‘' P.M. to ll*" 30™ p.m. on tlio 13th. Amount of clear sky = One 
meteor in this time from radiant. M^. 

“ December 13th, IP 12™ p.m. ; third magnitude ; Idiic ; duration 0*o sec. 
From K Orionis; path 6°; directed from jS Geminorura. BadiantM^*. 

At Buntiiiglbrd, Herts, tlie only period clear enough for observations was 
obttiined by Hr. Greg between 9^ 45™ and 11‘’ 30™ p.m, on the night of the 
12th, the sky on the night of the 13th of December being completely over- 
cast. Fourteen meteors were seen, of which thirteen radiated from the direc- 
tion of Gemini. They were mostly small, with short patlis and moderate 
velocities ; scarcely more than two or three sufficiently bright to liavc attracted 
the attention of other observers at distant stations. Tlie December star- 
shower appears to be no longer so striking, either in size or in number of the 
meteors, as it was eight or ten years since. The ap])arent velocities of the 
meteors were alst) scarcely greater than half, or perhaps about 49 per cent, 
less than those of the meteors of the August shower. The meteors noted by 
Mr, Greg were principally those which niov(‘d with short courses near the 
radiant-i)oint. The backward ])rolongation of their tracks, ])rojceled upon a 
map, are closely clustered round the star 0 Gemiuonnn, whicli was thi* prin- 
cipal radiant-point, with a tendency also to be eoneentrated along a line of 
the meridian extending 5° or north and south of that star, and princi])ally 
southwards from it towards, and apparently nearly as far as, the stars e and 
y Geminorum, giving the radiant- region an oblong forjn, with its greatest 
elongation in the direction of an arc of the meridian. 

At York the condition of the sky was .so unfavourable that searcely one 
meteor was visible during the whole of the December period. At Newea.stle- 
on-Tync the sky was also completely overcast. At (ilasgow rain continued 
on the night of the 12th until ten o'clock, when the sky became clear, and 
remained so for an hour until about 1 F* 39™ p.m., wlien it was again obscured. 
During this interval seven meteors from Gemini, nearly eipial to lirst-magni- 
tudo stars in brightness, were recorded, and their a]>pareiit j)aths were mapped 
by Hdr. 11. McClure. Tlie first (described in flu* above list of large meteors), 
which diverged like the rest from Gemini, was as bright ns JupilcT ; and but 
one meteor of the sbowo;’ left a persist(‘nt streak. A Gemiiiid was also 
observed at 12** 29™ on the same night, ami its tipparent course was mapped. 
Tlie tracks of all thes() shooting-stars prolonged backwards passed through a 
small circle about 12^’ in diameter, whose centre was close to the stare Gemi- 
norum at a point in It. A, J)7°, N. Decl. 2^^. Twemty meteors were counted 
by two observers during the hour of the Avatch : but the paths of only the most 
conspicuous, which diverged from the direction of a radiant-jmiiit in Gemini, 
were recorded upon the map. On the night of the 1 3th, rain, and a com- 
pletely overcast state of the sky, proA’cmfed any furfhcT observations. 

By projecting all the recorded j)aths of fho Geminids upon a single map, a 

* This meteor mny also possibly have been a “ Geminid,” the direction of its apparent 

path bt^ing very nearly eon forma ble to the position of the radiant-point of the shower 
in Gemini as observed at its return last year. 
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radiant-region of oval form contained between the meridians of 11. A. 96° and 
112°, and between the parallels of north declination 20° and 40°, would 
include the directions of 37 of the 45 tracks which are thus drawn. In this 
area the intersections of the tracks, prolonged backwards, are slightly more 
concentrated than elsewhere within the radiant-space, at a point in K. A. 
104° , N. Decl, 34°, about 4° from 0 towards a Gominorum, while the general 
character of the radiation was diffuse ; and the apparent paths of but few 
meteors were recorded near the radiant-point. 

Meteor-shower of January 2m/-3r(7, 1872. — On these dates a watch was 
arranged to be kept by observers in different places in England, and at 
Glasgow from half-past 10 o’clock until midnight ; and a favourable view 
of the shower was obtained at most of them on the night of the 2nd of 
January. 

Towards 11 o’clock a few detached clouds, which had partially obscured 
the sky in London during the earlier })5irt of tlie evening of the 2nd of 
January, disappeared, and tlie view of the shooting-stars during the re- 
mainder of the watch until midnight was uninterrupted. In the neighbour- 
hood of liegent’s Park, Mr. T. Crumplen noted the appearance of nine 
meteors in this interval, beginning his watch at 10^ 45"h and recorded the 
apparent paths of six conformable meteors upon a map. Three of these were 
as bright as first-magnitude stars. All but one, which appeared ruddy, 
were white or bluish, not swift in their motion, and two of the brightest 
left a shoili streak of light upon their course. The courses of aU, prolonged 
backwards, intersected each other within the space of a small circle 5° or 6° 
in diameter, having its centre at P. A. 228°, N. Dccl. 52°. So quickly did 
bright meteors succeed each other, that it appeared probable that the shower 
would continue to be of some brilliancy after midnight. An aurora was 
visible at the same time in the north. 

In the south-west part of London, near Eaton Square, the meteors were 
also watched by Prof. Herschcl, between 10^ 30»' and midnight, the light 
of the rising moon, which first appeared at about 1 30’" p.m., being the only 
obstruction to their view. The paths of 16 shooting-stars were mapped, of 
which only one appears to have been unconformable to the usual radiant- 
point of the shower. It shot on a very short course close to Polaris from 
the direction of the zenith at 11’’ 7*", and was not perfectly observed. Four 
or five smaller meteors may also have passed unrecorded. Six of the meteors 
mapped were as bright or brighter than Ist-magnitude stars, the brightest ap- 
pearing white and those of lesser magnitudes of yellow colour. The brightest 
only of the meteors seen appeared to leave a faint streak of light, visible for 
less than a second, on its course. This meteor described a path of 35° in two 
seconds : it was as bright as Sirius during the last half of its course ; it 
appeared at 11’’ 56'", and its appearance was simultaneously observed at 
Hawkhurst. Of the fifteen conformable meteors, five were erratic members of 
the shower, their apparent paths, prolonged backwards, passing about 20° on 
each side of a very definite radiant -point, from which the remaining ten 
meteors all diverged. A circle of about 6° in diameter, round a central 
point in E. A. 227°, N. Decl. 49°, would include the intersecting prolonga- 
tions backwards of the tracks of all the latter meteors. This apparent place 
of the radiant-point, which was close to that observed by Mr. Crumplen, is 
also not more than 5° from the position of the radiant-point of the same 
shower, at li. A. 234°, N. Decl. 51°, as observed in 1864*. A slight 
increase in the rate of frequency during the watch appears to indicate a 
See these Koports for 1864, p. 98. 
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growing intensity in the progress of the shower, the numbers of the meteors 
recorded in the successive half-hours until midnight being 3, 5, and 8. 

At Tooting, near London, the sky was also very clear on the evening of 
the 2nd ; and Mr. ll. W. J ackson noted the appearances of nineteen meteors 
between 10*^ and 1 P p.m., the tracks of six of which were very accurately 
laid down upon a map. Eight meteors were observed ; and the paths of two 
of them were mapped between 11‘' and 11‘‘ 15*“, and only two meteors were 
visible in the following 15"‘ until 1 1‘‘ 30"* p.m. The whole number of meteors 
seen by one observer in I'* 30"* was 29. A bright meteor (described 
in the above list), whose course was exactly conformable to the usual radiant- 
point of 2n(l of January shooting-stars, was also recorded by Mr. Jackson on 
the night of the 31st of December. Although proceeding generally from 
the direction of the radiant-region between Eootes and Draco, no definite 
centre of divergence was distinguishable among the meteor-tracks recorded 
at Tooting, which appear to have belonged to outlying members of the 
group; and one of the eight meteors mapped was unconformable to the 
general radiant-point of the shower. These meteors a])peared for the most part 
white ; they were generally bright, and left faint streaks upon their course, 
which remained visible upon the track of one of the brightest for about one 
second. A flash like lightning was observed at 10** 16"* p.m., and two 
similar flaslies were noticed between Kfl* 16"* and ID* p.m. 

At the Iloyal Observatory, Greenwich, the apparent paths and appear- 
ances of fifteen meteors were registered between 10’* 12"* and 11** 17*“, of 
which four only were less bright than stars of the first magnitude, in a watch 
partly kept by one and partly by two observers. They were mostly bluish, 
but some yellowish white, and described apparent courses of from 10° to 40° 
in length, in one or two seconds of time. Ten of the meteors recorded in the 
list left more or less faint ])ersistent streaks of light upon their course. Two 
or three of the meteors whose apparent paths were thus registered appear to 
have been unconformable to the general radiant-])oint, and the tracks of the 
remainder prolonged backwards present a space of somewhat diffuse radiation 
in the region about (Juadrans and the tail-stars of Ursa Major. 

The sky was also free from clouds at llawkhui'st on the night of the 2nd, 
and a watch for the January shower was kept from 11’* 20"* until midnight. 
Fourteen meteors were noted in this interval, and the paths of ten were satis- 
factorily observed, and were drawn upon a map. All were directed from the 
neighbourhood of the radiant-])oint in (Juadrans ; and the backward pro- 
longation of their tracks presents a region of somewhat diffuse radiation, 
extending over an area about 25° in diameter, having an apparent principal 
centre of inteTsectioiis at a point in about 11. A. 220°, N. Deck 47°. The 
meteors seen were principally of the first and second magnitudes, white, 
shooting across the sky in long courses, with moderately slow speed ; and 
about half of their nuinher left a slight. ])crsistent streak of light on the whole 
or on a part of their course. Si‘veral smaller meteors passed unrecorded, 
and the hourly numbers of the meteors been was not less than twenty for 
two observers. 

At Birmingham the sky Avas very clear on the night of the 2nd ; the 
courses of fifteen or sixteen meteors were mapped ; and the appearances of 
many more were noted by Mr. Wood during the hour between 10** 15"* and 
2 ih i^tn p lyiu of distant lightning (apparently 

the same as that recorded by Mr. Jackson near I^ondon, and if so, probably 
meteoric) was seen U])on the south horizon during an interval of twenty 
minutes after 10 o’clock, in which no shooting-stars were visible. At 
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lO*" 20”* a meteor of fourth magnitude was seen, and at 10** 21"* a sudden out- 
burst of several bright vaiicolourcd meteors made its appearance in all parts, 
four or five shooting-stars being visible in the space of an eye-grasp, so that 
it was impossible to record the particulars of more than one or two members 
of this group. Two of them noted by Mr. Wood were brighter than first- 
magnitude stars, leaving streaks, apparently not conformable to the usual 
radiant-point of the January meteor-shower, but rather diverging in 
nearly parallel courses from the radiant ^ Cassiopeia, or one of them 
possibly from the radiant NG in that neighbourhood. This burst of shooting- 
stars gradually subsided, and meteors as bright as first- and second-magnitude 
stars continued to succeed each other at short intervals until 10** 49"*, when 
intervals of meteoric quiescence, unbroken by the appearance of any shooting- 
star for 10™, 14"*, and 20"*, succeeded each other ; and the last meteors seem 
during the watch were recorded at 10'* 59'“ and 11** IJV* p.m. Among twelve 
meteors registered by Mr. Wood during the half hour between 10*‘ 20'" and 
10** 50"*, two were as bright as, and five brighter than, first-magnitude stars, 
and five left luminous streaks that remained visible for two or three seconds 
on their course. In colour they were mostly blue, white, or yellow ; and the 
duration of tiieir flight was generally from one second to about one second and 
a half. Projected upon a map, the apj>areiit conrscvs appear to diverge from a 
centre between the last stars in the tail of 111*811 Major and a Draconis, several 
of their visible tracks having been noted in or near the constellation Ursa 
Major ; but many scattered meteors were observed ; and in the following 
remarks on the shower !Mr. Wood assigns various radiant-points to the prin- 
cipal meteors, whoso directions he had project(‘d and compared together upon 
the raa])s. 

“ Meteonc idiower of Jmmar if 2iul^ 1872. — A fine shower of bright meteors, 
at the rate of twenty per hour for oin? observer, radiating in the proportion 
of 42 per cent, from [radiant of the annual shower], 

22 „ from ^LG, 

tiO „ distributed over the radiants A, A,^j, NG, DG.„ KG. 

“ Meteors of slow apparent speed, train -bearing, and varicoloured. The 
time of maximum, tlie duration, and intensity of the shower co\ild not be 
ascertained in consequence of clouds supervening on the succeeding night. 
The foregoing meteors were probably only a fragment of the shower.” 

A desciiption of the shower ]jy Mr. J. Morton, at Ec<4es, near Manchester, 
was communicated to the Committee by !Mr. W. F. Denning. It wijs first 
noticed at 8** 40"* p.m. on the 2nd, the .sky being then very clear, Init after- 
wards becoming partially obscured by (douds. One bright meteor, leaving a 
train of sparks, and five smaller ones were seen before 9 o’clock ; and eight 
meteors of some brightness fn)m that time until 10** 211'*' p.m. 8ix of the 
fourteen meteors noted were as bright as second, and one was as bright as a 
first- magnitude star. 

At (Jlasgow the sky was so hazy on the night of the 2nd, betw^cen 
10** 55'" and 11*' 20'*' p.m., that Jupiter and the brightest fixed stars only 
were visible; but during the remainder of a watch from lO** to 12** p.m. the 
sky was, generally clear, and fourteen meteors Avero observed in this interval 
by Mr, R. M'^Clure. The apparent paths of nine of them wore drawn upon a 
map; and of these meteors four were as bright as first-magnitude stars, 
two were as bright, and the rest fainter than stars of the second-magni- 
tude. All but one, of reddish colour, Avhich jiassed in a short course from 
Ursa Major across the star Pollux, appeared w hite ; and they described ares 
of from 5^ to 20^ in Icngtli, in times which varied from u half to a full 
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second in duration. Their tracks projected upon a map, although proceeding, 
as in the foregoing observations, from a general radiant-region near and 
around the star 0 Ilootis, presented within that space no well-marked centre 
of divergence. 

On the same night, and during the morning of January 3rd, as appears 
from the folhjwiiig observations at York and Sunderland, the shower con- 
tinued to be very bright, with occasional lulls and apparently outbreaks of 
its intensity, until near the approach of daylight. At Sunderland Mr. 
Eackliouse reported that “ though the night of the 2nd was for the most part 
very fine, yet at the a])pointcd time the sky was so cloudy that 1 only 
walclied for a short time, especially as meteors were so scarce. 1 only saw 
one at tliat time ; but in the morning 1 watclied for at least twelvt> minutes 
in a cloudless but moonlit sky, the radiant- point in Draco being high in the 
sky, yet 1 saw no meteor ])elonging to that system, and only one altogether. 
The evening of the 3i*d was fine till about 10*' r.M., when it. cloudiHl over. 
1 did not a single nudeor, thougli 1 watched for about ten minutes at 

30"*, and equally long about 0** 15’“.’^ 

Another considerable outburst of the shower must, however, have occurred 
shortly before daybreak on tlie morning of the 3rd, as the brilliancy and rapid 
succession of the meteors at that time at Street, Somerset sliire, attracted a 
child’s attention, who, as related by !Mr. Clark, informed him of some of the 
partieulai's of their a])pearance. “ The nights, both of the 2nd and 3rd, were 
so unfavourahle as to ])i’oveiit me from sending you any observations. On 
the monilmj of iho 3rd, however, 1 hud an aceount from my nepheAV, who 
though hut eight years old is inlolligtuit enough to take a good deal of 
interest in siin[)le scientific things, of several meteors whieh ho liad seen, 
coming rapidly after one another, and evidently somewhat bright.” 

On the following evening, and night of the 3r(l to the 4th of January, the 
sky was so ccmqiletely overcast at all the Dritish- Association stations that 
no shooting-stars could bo observed ; but on that 4‘vening a singh' meteor, as 
brilliant as Jupiter (as described in the above list), was observed at (ireeii- 
wbdi, the diivitiou of whose ajqnireut course was almost exactly directed 
from the radiaiit-j)oint in Uuadrans (Bode, or in the region of Draco 
between Hercules and Dootes), which distinguishes tlic aiiiiuully recurring 
meteor-shower of the Ist-3rd of January. 

Metevne Hhou'irA of April, 1S72. — Some observations of the April star- 
sliower in IS71, not included in last years ReiK>rt, were obtained by Mr. 
CJlurk, at A'ork, with a clear vi(‘W of the sky, from shortly befoio ten 
o’clock until midnight on the night of the IGtli of April in that year. Six 
rather bright meteors, with very sliort conrs(‘s of only a few degrees in 
length near the ct>iistellati()n Visa Major, were maj)pcd, belonging apparently 
to the meteoric system or grouj) of radiant -points in that constellation. 
One in(‘toor from tlie direction of Lyra was also sciai before eleven o'clock, and 
six b(4wceu ch‘V(m o\4ock and midnight, tln‘ sky being (‘qually clear, — the 
numbers of meteors of all kinds st en iu the hiriner hour being six, and in the 
latter nine. The sky was overcast on the other nights of tlu' shower. 

The radiant-point of lleis’s and Greg s former list* was marked in 

* Report for p. 00. Ibulirtiit at, R. A. 100", N. Deck .01°, enduring from April 

lOtli nOlli, apparoutlv uienlical with <)f Heis*s list lor A])nl. iitR, A. 1.0.0°, N. Decl 47°, 
near X Ursa* Majoris : now sulHlivicled hy Mr. (Ireg into siqiarato radiant -points, MZ 
and MOZ, near ff Iipsiv Majoris and (’or (’nroli. in March and April ; M ,Z near y Leonis 
on tile lOlli-liOlli of April; and AKl, in thcLynx, near the fore feet of Lrsa Major, from 
the cad of Ajiril lo tlie beginning of June. (See the Table at the end of this Report.) 
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April last by the appearance of some conspicuously bright meteors, to whose 
characteristic brilliancy Mr. J, E. Clark drew particular attention in the 
following communication to ‘Nature’ of May 2iid, 1872 (the meteors 
alluded to by Mr. Clark are described in the foregoing list) — 

“ I noticed in your Number of last week the account of a brilliant meteor 
observed in Cumberland on April 19th. Now I had reported to mo a very 
similar meteor at nearly the same time (about 8*‘ 40"' p.m.), an account of 
which I forwarded, with the other results of my night’s watch, to Mr. A. S. 
Herschel, who would gladly receive any further report of the same ; un- 
fortunately 1 have not the Number of ‘Nature’ at hand, and therefore 
cannot make a personal application to your correspondent. On the same 
evening, about 11^ 7“*, I myself saw an exceedingly brilliant meteor, which 
fell to a point just south of Vega. It is curious that both of these came 
from the radiant situated at about E. A. 155'^, N. Docl. 47°, or rather from 
one of the group of radiants there situated, M^^ of Heis, 5(> and 52 of Schia- 
parelli, It would be an interesting point of investigation whether the 
meteors from that radiant-point are of peculiar brightness.” — J. E. Clark, 
April 30th, 1872. 

The meteor seen by Mr. Clark at York was seen at the same time at 
Hawkhurst ; and the direction of its apparent path there, prolonged back- 
wards, meets its similarly prolonged track, as observed at York, near x Ursm 
Majoris, very near the position of the radiant-point M^. The bright meteors 
described in the above list on April 5th and 19tb, and ^lay 3rd, appear all 
to have diverged from the same group of meteor-radiants in Ursa Major. 
Those recorded on March 26th, April 12th and 22nd, radiated from centres 
of a group of apparently equally bright meteor-sliowcrs, 8^ ^ g, in the neigh- 
bourhood of Virgo and Comae Berenices. 

On the evenings of the 12th, 13th, and 14th of April, 1872, Mr. Greg 
watched at Buntingford, Herts, for an early appearance of the April meteor- 
showers from the direction of Cerberus or l.yra (Qll,, OH.J, connected to- 
gether apparently in one meteor-system making its appearances on the 13th 
and 19th--20th of April. The former radiant-point was noted from the paths 
of nine small shooting-stars, seen in about two hours on the morning of the 
13th of April, 1864, by Prof. A. S. Herschel at Hawkhurst* ; and no ajipear- 
ance of this shower a])pear8 to have been again visible in subsequent years. 
Its radiant position at E. A, 270°, N. Dccl. 25°, was yet distinctly marked, 
the meteors resembling each other even more closely than those of the group 
from Lyra in their appearance, and moving in swift courses over all j)arts of 
the sky from a region of somewhat diffuse radiation, extending to but not 
exceeding the limits of the small constellation (ku'berus (Bode), with an 
average centre at about the position named. By its close neighbourhood to 
the well-established radiant-point of the Lyrai’ds at about E. A. 278°, N. Decl. 
34°*5 t» it appears to have been an early commencement of that shower, and 
an integral part of the meteor-system which was first shown by Drs. Weiss and 
H’Arrcst to be apparently connected with the periodic orbit of the Comet 1, 
1861. Mr. Greg’s watch for the early reappearance of tlie group on the 
above date was unsuccessful, two small meteors only being observed from the 
radiant DG (in the bead of Draco), and two meteors radiating from the 
direction of /3 Herculis, during a very careful watch on each of the above- 
named nights. 

Shortly after the end of April last, a communication from Mr. W. F. Den- 

* Eeport for 1864, pp. 40 and 98. 

t See these Reports for 1864, p. 98, and 1868, p, 399. 
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Qing informed the Committee that 'Mr. Knobc], at Burton-on-Trent, had 
observed ‘‘many meteors in April, particularly on A 2 )ril 14th, 1872. They 
appeared to radiate from a point in Bootes cast of f Bootes.” This point, 
which is very near to ft Herculis, was nearly in the direction of the last two 
meteors seen by Mr. (ireg, and in the jJ^sition of the general radiant Q,, 2 * 
of meteors first beginning to be seen about the 2ilrd of April, but which 
appears from these observations to 2 )rcsent itself close to the same position at 
least ton days earlier, on about April 12th. (8ec the Table at the end of 
this Beport. Badiant, No. f'31.) 

The niglit of the lOtli of April, 1S72, was generally not unfavourable for 
observations at most of the British- Association stations. At York, until 
aeaiiy 11*" r.M., the shy was nearly overcast ; but at that hour the clouds 
began to disperse, and soon after the beginning of the watch they had finally 
lisa^jpcared. During the succeeding interval between 10** 45*" and 11'" 45"^ 
i*.or. nine meteors, two of them as bright and two brighter than first-mag- 
aitude stars, were obscn’ved, six being visible in the first and only three 
meteors, with two or tliree faint flashes near a Dyra>, in the last 45“' of the 
watcli. Brom 1 1'' to II'' 15'" tlierc s(‘cmed to he quite a brisk shower, but 
ifter that time their rate of fall diminished considerably. The Lyraids were 
^11 iiotieeuhly rajnd in their flight, their courses varying from 5° to 25® in 
length, and the duration, even of the longest, scarcely exceeding half a 
second. They were colourless or while, and there was a noticeable absence 
3f streaks upon their course. Two or three meteorwS diverged from a radiant, 
No. 53 of Schiaparelli, in Comm Berenices, ap 2 )arently connected with the 
radiant g, near the sumo constellation, in Virgo, of Ilcis ; others from M^ ; 
and five of the nine shoot ing-siars whose courses wore mapped w'ore Lyraids. 
The brightest of these appeared at ID' 28‘", and its ap 2 )arent course wms also 
noted at AVisbeach and at Hawkluirst. The radiation of the Lyraids was 
not very exact ; hut the courses of three, ])rolonged backwards, intersected 
each other very nearly at a ^Joint in B. A. 280®, N. Decl. 43', near tt Lyra?. 
Some further ohseuwations on llie progrc.ss of the shower will shortly be givcu 
from IMr. Clark's report of its atqx'uranco. 

At Buntiiigfurd a clear sky prevailed on the 10th, between 11'' 15'" and 
12'' 45’", and tlic aiiparcnt ])aths of seven meteors of first and second mag- 
nitudes, all of them meteors of the Aj)!'!! shower, wore drawn upon a map 
by Mr. Greg. Tlio backward iirolongatiou of Iheir tracks, which were 
generally not far from the radiant -point, 2 )rescuted a very definite area of 
intersections 3° or P in width, at about B. A. 208®, N. Decl. 25®, in Cerberus. 
Their courses were generally short ; and the following is Mr. Greg's doscri^itioii 
of their appearance : — “ Owing to the moon being so bright the tracks were 
rendered rather shorter and the trains less visible than they would otherwise 
have been, besides causing me, no doubt, to miss seeing a number of others. 
Certainly there was distinctly a show or going on wdiich w as not visible on 
the evenings of the 12th, 13tli, and 11th. Five only of the seven were very 
W'hite ; their average hi-ightness w'as that of a first- or second-magnitude star, 
and owung to the shortness of their apjiarcnt 2 >aths their duration Avas inuhr, 
if an}’ thing, half a second. The radiants QHj [of meteors on the 12th-13th, 
in Cerberus] and UK, [of the Lyraids on the 19th-20th of April] aj^pear to 
mo to be sinqdy one and the same shower, witli a slight difierence in the 
dates and in the ^^ositions of the radiant-points.” The sky was quite over- 
cast at Buntingford on the night of Apiil 20th. 

At !Mr. Crumjdcn’s station in London the sk}’ tvas remarkably clear, but 
* Poport for p. 4U2, 
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only three meteors radiating from near a Lyra), and in the neighbourhood of 
that constellation, were observed in a watch of three quarters of an hour, at 
about 1 1 o’clock on the evening of the 19th, The first of theso was as bright 
as a first-magnitude star, leaving a streak of light upon its course which re- 
mained visible for nearly a second. On the night of the 20th, soon after 
10 o’clock, the sky was entirely overcast. 

At Bristol, on the 19th, few stars were visible between 10‘^ and 11*', the 
sky being very cloudy, excepting for a few minutes in the norih-east, at about 
eleven o’clock, when one conspicuous meteor and one small one only wore 
seen by Mr. Denning, Tho former rather bright meteor is described in the 
above list. 

At Birmingham a hazy state of the sky also prevailed on tho 1 0th, and 
strong full-moon light on this and the following evenings only permitted a 
single meteor to ho seen. The scarcity of meteors on tho latter night during 
an hour’s tittontiye watch was, however, fiiUy confirmed by tho other obser- 
vations which will shortly be described. 

Meteor shower of April 1872. 

April 19th, from 10*' p.m. till 11*' p.m. 8ky hazy; moonlight; no 
meteors. 

„ 20th ; from 10*' 20“ to 1 1*' 20“ r.ir. Sky clear ; moonlight ; one 
meteor. 

„ 20th, 10*' 50“ r.]\r.; brighter than a Ist-mag. star; white; dura- 
tion 0*5 second. From a Aurigee; path 10®, directed from 

a Lyrfc. Loft no streak (a part only of the meteor’s course 

seen, askance).” — IF. //. Wood, 

On account of the overcast state of tho sky no observations on theso dates 
were obtained at cither Glasgow, JNiowcastlc-upon-Tyne, or Sunderland. 

A list of six meteors seen at Wisbcach between 10*' 45“ and 11*' ^O'^p.m. on 
the 19th, with a tracing of their apparent courses on a map, was received 

from Mr. 8. II. MiUer, with the following remarks on their appearance : — 

‘‘ There was a remarkable accordance in their direction, and No. 0 seemed to 
take tho same path as No. 5. The brightness of the moon interfered with 
the observations of their colour, and also of the length of their path, especially 
as they were small, and thoij’ trains of light a thin streak. I did not see one 
on the 20th, although I kept a persistent watch.” In reply to a later in- 
quiry on the latter point, ]\rr. Miller add.s, “The sky was clear on the night 
of the 20tli, during tho hour I watched, and had there been any meteors 
then, I think I must have seen them ; hut after 1 1*' 30"' it became cloudy, 
and there was rain on the next morning early.” 

On the night of the 19th, at Hawkhurst, the sky was very clear, tho moon- 
light bright, and a faint aurora was visible in the north. Between 1 1 o’clock 
and 12*' 1 5'", four observers counted 1 6 meteors, whoso apparent courses wore 
more or less exactly recorded. Ten of tliese meteors were seen in tlic first, 
and six in the last half of tho watch, and nine were as bright as, or brighter 
than, 1 st-miiguitudc stars. Two of tho brightest meteors mapped were also 
simultaneously observed at York, and one of them diverging from Lyra was 
at tho same time recorded at 'WTsheach. Nino of tho sixteen meteor-tracks 
were directed with no distinct ceiiti’e of radiation from a space between 
a Lyree and o Ifereulis, and the remaining meteor-tracks were nearly equally 
distributed in their directions from tho radiant-points WG (?) in Cygnns, 
in Yirgo and Comte Berenices, in Corona, and M^ in Ursa Major. 
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Thb only meteor from the latter radiant-j)oint (near the zenith) wag tho very 
brilliant one seen to fall vertically elsewhere, and described as proceeding 
from the same radiant-point by Mr. Clark, at York. The Lyraids appeared 
wliito and swift, and generally left no streak ; but when seen foreshortened 
near the radiant-point they sometimes appeared bluish or yellowish, and left 
persistent streaks. The sky was overcast on tho night of tho 20th, and no 
meteors were observed. 

At the Iloyal Observatory, Greenwich, during an interval of clear sky on 
tho 19th, between half-past ten and half-past eleven o’clock, six meteors 
wero registered by one observer of Mr. Glaisher’s stail', of which three were 
as bright as tirst-magnilude stars, and four diverged from tho neigh- 
bourhood of a Lyroc. Tho Lyra’ids Averc all bluish an lute, Avdth short appa- 
rent paths, leaving streaks. On the night of the 20th, the sky at the Koyal 
Observatory, OreeuAvich, Avas loo cloudy for further ol^serA ationa of the April 
shoAver. 

During the night of the 19th of April, it appears, from observations which 
AA’orc C( ntiniied at the lladclilfe Observatory at Oxford, by Mr. Lucas, until 
the a])pcarancc of da 5 ^brcak, that tho activity of tho April meteor-slioAver Avas 
Axry brightly maintained until the morning of April 20th. During a strict 
watch kept for shooting- stars on that morning from D' A.Ar. until a.ai., the 
sky Avas quite clear during the first hour, and only crossed occasionally by 
clouds from tho south-west during the last tAvo hours of the AA'atch. Towards 
4 o’clock A.M., the biightness of the full-moon light gave Avay to that of the 
approaching daAvn ; and a thick haze beginning at this time to oA’crspread the 
sky, at length obscured all but a foAV stars of tho first and second magnitudes. 
Tho a})pcaranccs of tweiity-six meteors Avero recorded ; five in the first, five 
in the second, and sixteen during the last liour of the watch ; the numbers 
of 1 st-magnitude shooting-stars visible in tlio same times being tAvo, one, and 
six. Seventeen of all tlie meteors noted were LyraVds, of wliicli tho numbers 
recorded during the same times AA’orefour, three, and ten. Six of the Lyraids 
AAurc as bright as first, and six as bright ns sccond-mngiiitiido stars, and they 
appeared Avhite even in tho strong moonlight. I’heir courses Avere generally 
ATiy rapid, sometimes 20° or 30° in length, and occasionally leaving a j)er- 
si&teut stroak. Of the nine remaining meteors, all but two proceeded appa- 
rently from a radiant-poiiit in Cygnus castAvard from that in Lyra, not far 
from the position in May and Juno of a radiaut-poiiit AVG in that coustel- 
] a lion ; four courses prolonged backAAairds intersect each other close to e Cygiii, 
near AAdiich one of these unconform able meteors also moA^cd AAnth a short ap- 
j)arent path. Tho brightest meteor seen during tho Avatch moved from tho 
direction of e Cygni, bursting A\4ion it had reached the brightness of Jupiter, 
on a long course from y CassiopoiaA nearly to Capella ; its duration was two 
seconds, and it Avas folloAA^od by tlio next meteor, Avhich appeared as bright 
as a 2nd-magnitude star, moving upon exactly tho same course. Tavo other 
unconformablc meteors A\^ero directed from the radiant-points ^ in Yirgo 
and Comte llcrcnices. 

Tho tracks of tho seventeen LyraVds, prolonged backwards, all passed 
through a region of radiation including the chief stars of Lyra and tho stars 

o llerculis, AAdiero a circular area, about 15° in diameter, Avith its centre at 
11. A. 275°, Y. Decl. 32°, Avould include all tho directions of the lyraVds that 
Avcrc observed, and Avas probably A^ery near tho central point of dwergenco of 
the group. Tho radiant-point being near tho zenith A\dicn the LyraVds were 
most numerous in tho last hour of the watch, and their courses extending 
round it toAvards all parts of the sky, this apparent place of the radiant-point, 
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although not definitely marked by exact intei*sections of their apparent paths, 
yet appears to be the best average position of the somewhat diffuse centre of 
divergence which they appear to have presented that was obtained during 
the last annual reappearance of the April meteors. 

The notable absence of meteors on the evening of April 20th, after the 
somewhat considerable star-shower that was scon at most of the stations on 
the preceding night, was especially remarked by Mr. Clark, who described the 
following particulars of the watch which ho kej)t at York for the appearance 
of any continuation of the meteor-shower which might bo visible on the 
second night : — “ The watch on Saturday the 20th was altogether unsuccessful. 
I commenced a few minutes before 10*", and was joined at 10’' 25"' by Mr. 
Brown, when for about ten minutes a cirrus cloud from the east obscured 
two thirds of the sky, and we were driven in by a snow-storm from the north 
at 11*' 10"' ; after which I did not watch, as it remained more or less cloudy. 
However, during that period of nearly .mi hovr aiul a quarter ^ for half the 
time two xvairhmg, wc did not see with ('ortainty a shujlc meteor. 8iich a 
remarkable absence of them L have never noticed befor(\ To be sure the 
moon was brilliant, but not so brilliant as to ol>sciirc 4th-magiiitiidc stars.” 

Meteoric tihower of Man 1872. — Some preparations which were made by 
the Committee to watch for the appearance of any star-shower or conspicuous 
meteors on the nights of the 17th, Lstli, and ]9tli of May, when such have 
been occasionally observed, Avcrc entirely frustrated by a constant succession of 
wot and cloudy weather. During the hour appointed for observation on the 
evening of the 20th of May, Mr. Ikliller watched, with a tolerably clear view 
of the sky, at Wishcach, without seeing any meteors. 

A single bright meteor of the shower was soon at Newcastle-on-Tyrie, in 
an interval of clear sky for about t went}’' minutes, on the night of May 17th- 
18th, at 12’' 10"' (midnight) by Professor llerschcl. It r(‘scmbled a Lyrje in 
brightness and colour, and passed in two seconds from between rj Draconis 
to between r] Ursa) Majoris, ])eginiiing its course 5^^ before, and ending it 
beyond those stars, and leaving a bright streak upon its whole track,* 
which remained visible, even in the bright moonlight, for one or two seconds. 
The meteor’s motion was apparently from the radiant DGr^ in Draco, and was 
not conformable to tlic principal radiant-group in Corona and Hercules 
of this meteoric epoch. 

PAnuis muATixo to Meteoiuc Astuonomy. 

A pamphlet of printed instructions to ohserveis of sliooting-siars for the 
year J 872-73 has been circulated among astronomers and the associated ob- 
servers of shooting-stars in Italy by ih’ofessor Sclnaparolli and Signor P. 
Denza, appointing five or six nights in each month for eombined observations, 
together with a list of nights in the whole year for which not more than 
twenty nictoor-tracks were recorded by Zezioli. Observers at fourteen 
Italian stations arc engaged in ibese observations ; and the Italian Luminous 
Meteor Association have already recorded ilic ap])arent paths of (ilSl meteors 
in 1870, and of 10,257 meteors in 1871, wlucli have been j^ojocted upon 
suitable maps for exliibiting the radiant-points which they present. It is 
intended to print these maps so as to exhibit the positions and characters of 
the different radiant-points, ^>1111 their dates of ai)peanmco, as clearly and 
conveniently as possible to the eye. The star-maps employed by the Asso- 
ciation of Italian observers arc constructed upon the same projection as the 
well-known Celestial Atlas of Professor Dorn a of Turin, The observations 



013SETIVATI0XS 01? LUMINOl .^ .. 


109 


of shooting-stars made at the observatory of Moiicaliori continue to bo pub- 
lished in the Meteorological bulletin of that observatory, in ’which nearly 
1000 meteor-paths observed before the end of April 1809 liave been already 
published. All the observers^ notes arc also transmitted to Milan for final 
reduction and arrangement in a collective Catalogue by Professor Schiaparelli. 

In coTinexion with this oxlcnsive research, an enlarged edition of his ori- 
ginal Memoir on the Astronomical Theory of Shooting-stars^ has recently 
been compiled by Professor Schiaparelli, and was pul dished last year under 
his directions, as a separate volume, iu the German language by Dr. von 
Boguslawski, of Stetiint. The materials of the origimil Treatise have been 
much increased, so as to present a full account of the recent investigations in 
meteoric science avIiosc results have most coiitributofl to advance this modern 
hraueh of astronomy since tlie publication of Ins former \Nork. A comph'te 
Table of all the 1S9 radiant-points ol)tained from Zezioli’s observationsj, 
the full particulars of wliicli have not been previou^ly published, is also em- 
bodied ill the work, with a supplementary Table showing the position of each 
radiant-point with regard to the apex of tlu' earth’s ^^ay, and the principal 
cjemcnls of its paraliolie or coniotary orbit. ]n a list of notes on the several 
radiant-points, a eomparison of their positions with tliosc obtained by other 
observers, sliowing them in many cases to corroborate or to correct former 
observations, is made to euuneci tlie new list of radiant-])oints iu every im- 
portant point of agrcemeiii with the older lists of Jieis, Greg, and Schmidt, 
and with the separate* * * § d(*teiininutions of sjiecial radiant-points by individual 
obscrv(‘rs. A useful summary of these results is given by ^fr. Grog in the 
accompanying romparalive Table of radiant-points, pres(*uting in one view all 
the points of difforenee and resomblanee lictweon tin* several general cata- 
logues of radiant-points which have liitlierto h(‘en jmblislied, with the excep- 
tion of the extensive Catalogue recimtly printed by Dr. Schmidt in the second 
volume of the puhlieiitions of the Oliservatory of Athens, to which the Com- 
mittee liave not y<'t been able to refer With the aid of observations received 
since the ap])caraiicc of the last printed Meteor-Catiiloguo in those lleports, 
the Committee propose to consider more clostdy the epochs and positions of 
the general radiant-points exhibited iu this Tabh*, and to enter in a future 
Iteport into a com])h'te diseus>ion of the identity and of the comparative im- 
portance of the difiercnt- families or groups of meteoric showers which, in 
many instances, it appears most properly to re])reseiit. 


* “^olo 0 Eoflos^iioni iiilorno alhriVoria A'-trouoinu-a dollo Sti'llo Cadenti.” (See these 
Koports for ]). ^107.1 

t Entwiirf ciiKT astrotioinisi-lKMi Tlieorie der 8tcrns(.*lmii]>})rn, von, J. V. Schiaparelli. 
Aus deni Italicnif^elien u1>erM*l/A imd heraussgrgeben mhi Gonrg von Jlogudaw&ki (Syo, with 
four Plates, 208 pp.). Stettin, 1871, AVrla.a von Th. ^on der Xalinier. 

t A Table of the prinei])al ^ne^e(^r-sho^^ovs onU of tins later 11-t was formerly pub- 
lished by Professor Schiaparelli Keport for ls70, PS), with sliubt siibseciiicnt alte- 
rations in two Alenioirs in the Kpbeincndes of the Milan Obsorvatorv. eontaiiung annota- 
tions on the history and eharaeteristies of cacli meteor- slum er of tlie List, one incmoii’ in- 
cluding the meteor-showers (»bserved in eaeh half year. That for the first lialf year was 
noticed in tlio last Eeport (1871, l»p. -14 48), and the eoneluding Memoir has bince been 
received by the Committee from Prof. Sehiaparelli. To tins eomplete cyelo of meteor- 
showers, and toilio descriptive notes wliieli it contains, further consideration w'ill be devoted 
in the next Eejiort. 

§ The same Table is also iircsculed by Dr. 8elniudl in tlio ‘ Aslronomiselio Xaelirichten,' 
No. 1756. 
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GENERAL LIST OF BOLIDES AND 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position. 

1783. 

h m s 






Jan. 8 

Evening ... 

Slough, Bucks... 

Very bright 

Very white ... 



Sept.26 


Ibid 

Brilliant 



Passed along close 






under « Lyrm. 

Nov. 2. 

8 55 p.m. 

Ibid 

Large and bright... 



Dropped from ^ 

1794. 






Cygui. 

June 28 

3 55 a.m. 

Ibid 

Rocket-like 


Meteor-streak. 







etc 






S. e 






• 

• 

o 

1871. 





Ursa Major. 

Sept. 1 

10 45 p.m. 

Knocklong, Co. 

Very brilliant 




In the southern sky 

Limerick. 




at an elevation of 
about 20°. 



10 

10 48 p.m. 

Knocklong, Co. 

Very briglit 

Showed most 


First visible near 


Limerick. 


beautiful CO- 


Pegasus and passed 





lours. 


across the sky to 
Capella. 

17 

10 7 p.m. 

Between Alder- 

Fully as bright as 


Slow’and state- 

a— J=-- 


shot and Earn- 

Venus. 


ly motion. 

From 328°-f 17" 



ham. 



to 300- 2;^, 







ending its flight | 
a little beyond ^ 
Aiiudai. 

Oct. 8 

10 28 51 

Regent’s Park, 

Nearly as bright as 


Slow motion. . 

From altitude 45°, 


p.m, 

London, 

Venus. 

j White 

i 


15° W. from S., 
to altitude 30° or 
35°, 20° W. from 


i 

11 

About 

Bromplon, Lon- 

Very large 

; Intensely vivid 

Two or three 

o. 

By the side and to 


12 7 or 

don. 


giccu. 

seconds. 

the noith of Ju-' 


12 10 a.m. 



G seconds. ... 

pitcr; about as fai 
from liim as Cas- 
tor is from Pollux. 



9 5 50 

Royal Oliscrva- 

Brighter than Ju- 

Bluish ; tiie 

Moved from Polaris 


p.m. 

tory, Greenwich 

piter. 

fragments 


ill a nearly straight 





crimson. 


line between e and 
1 Ursm Majoris. 

Nov. 9 

11 50 10 

Ihid 

Brighter than Ju- 

Bluish 

G seconds, ... 

Passed between y 


p.m. 


piter. 



and e Lconis. 

li 

8 17 30 

Ibid 

Twice as bright as 

Bluish-white . 

1 second 

From near the Pie- 


p.m. 


1 J upitcr. 



iades, passed close 
to y Tauri about 
lialfway between a 
and X Tauri. 

12 

7 45 p.m. 

Tenby, South 

Blighter than the 

Orange-yellow 

2 or 3 seconds. 

Course as in sketch. 


(Possible 

Wales. 

fixed stars. 

Slow motion. 



error 2“.) 





d cf/’^ 

l/rsa Maj or 









— 

... - 








A CATALOGUE OF OBSERVATIONS OP LUMINOUS METEORS. Ill 


BRIGHT METEORS ORSERYET) IN 1S71 and 1H72. 


Length of 
Path. 


Direction, 


Appearance 5 Ueinail.s, &c. Observer, 


Fell perpendicularly to the ho- Globular nucleus. Left a streak Sir W. Ilerschera MS. 
rizoii. \ibible 40" after the meteor liadj Journal, 

disappeared. 

.Gave a very bright light. Left a Id. 

luminous streak visible for 1'** 

' 20" or 30" to the eye, and for 
! about 3'“ in thetclescope tinder. 

.. Course parallel to #eand y Cygni' [d. 


Resembled a faint sky-rocket. A td. 
portion of the tram in the por- 
tion shown in tlie .‘.ketch ic- 
I maiiied visible for 3“* at least. 


20® illorizoiital from east to west 'Jerom. Hcidv. 


Long course...' ScncuiI other meteors were '.c ’n Id. 

I oil the same night, but none so 

I ' cuiispicuuusly Imlliaut as tin. 


. Directed from Andiomcda Disap])ei« od gradually; left almi^. r. Cruinplen. 

I I 1)1 oad, blue sticuk for 1 or 5 'O-' 

I , ronds. A clear night ; and a 

! ! few Icsscr meteors Y*crc occa-1 

I I sionally \isihle. I 


. Path 
curved. 


The .sky was too cloudy to \ehfy G, J. Syinonds, 
I these positions by the stais. | 


. Dropped straight down Increased iu si/.o gradually, ‘ lil. W. Jackson. 

j and at length hocamc club- - , 

I .shaped, as in the sketch. A 
j magmlicent meteor. Tlie ^ ' 

' preen colour mosf brilliant. 

I’lcicased giaduully ; hnist udosix William Marriott. 

■ or seven liagmciits, the last tun' 

! of which w<‘io of a tine eiiinsopj 
I re.l colour; left a bright, xer, ! 

[ enduiinp slienk. ! 

.. Directed fiom ju Ibsm MajovisjXucleus increased as it advanced ; iil. 

1 I .and at last burst into sevei.il' 

I I frapincnts, some of wliieli vveic; 


Left a slight slicak. 


W. Did.op. 


About 10® or .. 

12 ®, I 


,'At first a faint streak; incrca‘cdiT, W. Webb. 
' gradually, aiul disappeared sud-j 
dciily, with the apjiearaiice ol 
; spaiks. Left no conspicuous 
streak. 
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Date. 


Hour. 


1871.; h m 
Nov.lSl 9 5 p.tn.! 


Newcastle-on- 

Tyne. 


13,11 25 p.m 


15 5 45 p.iri. 


Place of 
Observation, 


MecKcnliam, 

Kent. 


Apparent Size. 


Colour. 


Duration. 


Position. 


Much brighter tlian.Wliite ; no 
Venus. I other coloursJ 


..'Apparent path 
I about 10° S. from! 
; AYest, reaching to| 
the horizon. 


Larorc 'Reddish 


. I Across the lower' 
I part of Ursa Ma-| 
i jor. ‘ 


15 


8 34 p.m 


10 10 44 p.m 

Dec. cl 


Regent’s Talk, dlrlghtcr than tlie Ruddy colour., Moved slowly., 


London. 


fixed stars. 


'From 2 10° 4-66^ 
to 11)74-74 


West Hendon, Ihightcr than Vc>| iShot from jAlgol; 

Sunderland. nus. 1 


towards v Tauii,, 

j I ; disappearing a| 

I ! few degrees he., 

1 I fore reaching A 

I Tauri. 

Royal Observa-dliighlcr than Ju-i\Miitc 3 bcconds Course near and, 

tory, Grccnwicl).| pitcr. | parallel to Orion’s: 

III , i)Clt. ; 

8 11 p.ni.jBirmiiigham ... As bright as Veul^ Rlue l.l .second ...' «= (T= 


I at its maxiinuni. 


8 15 p.m.jBcnston, near |Vei\ laigc died ' Isiiot from Auriga' 


,From 07° 4- 50° 
; to 76 4-17 


Nottingham. 


12 10 39 p.m. Glasgow 


20 


10 28 p.m. 


31lAboutl0 25| 

p.m. 


towards « Tauri,' 
i disappearing at a; 
! point in It. A,'; 
I 5h 10’", N. Deck 
31' 30'. 1 


As blight as Jupitei AYhitc 0/5 second. 


Nancy, France ... 


fuarge 


Tooting, near | Brighter than Jupi- 
London. | ter. 


Green , 


Fiom Cassiopeia, 
I through Perseus, 
I towards the Plei- 
ades, near to 
I whieb'star it dis- 
j appeared. 


.:1 or 2 seconds Shot across q and 
j ! TT Orionis. 

i A = 


! 


From 73°4-13° 
I to 69 + 4 
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Length of 
Path. 


Bireclion. 


Appearance; Remarks, &c. 


Observer. 


About 25^ ...|01)li(inely 
1 sketch. 


(lo\Mi, as in this Left a very blight, eiuluiing streak 11. Page. 
; oil a part of the latter portion 
j of its course. [Seen also atj 
I Yoik, ^vllelc it appeared not, 

' to be dii acted from Leo, but' 

; from a radiant-point distant' 

' from it by a few degrees. — E. 

I Clark.] ' I 

West horizon. ' 



Shot horizontally from east ti 
M est, 


Left a long train. ] Seen also at The ‘ Standard.’ 
Noivood, Kent, moving fiom, 

E.N.E. toM'.S.M^ In a watch 
of two hours on tlie same night 
meteors appeared to be un- 
usually scaicc.— M] 

; Nucleus appearing to rotate in its T. Ciumplcu. 

I Ibglit, leaiiiig some streaks ami 
i a long train upon its course. 

Disappeared gradually, without 
explosion. 

As bright as Venus during most T. \\ . llackliouse. 

' of its course, growing suddciili 
brighter just before disappear- 
ance. Left a short streak for 
, 2^ at the middle of its course, 

’ atN. Decl. 2P. 

Directed fiom a Ceti 'Left a fine streak. End of the W. C. Nash. 

’ meteor’s course not seen. 


I 


From radiant K (1 Meteor increased in size, and col- W. 11. Wood. ; 

j lapsed at maximuin ; leaving a i 

; transient tiaui on its course, | i 

[From radiant M, (oi K G '")] Exploded with a hiight flash. E . I. Lowe: ‘ThcTimes,’] 
I J.efl sonic himinoiis icd sparks Dec. Rili. 

I on its track, and a blight train j 

1 ! of red points, wliich remained 

j visible for about three iniiiutcs. 


Left no sticak, [At Biistol Mr. R. M'Cliire. 


i 



M'm. F. Deiimiig observed a ' 

large meteor at ti'* 42"' jiass ; 

downwards in the west. No ' 

stars were there, visible to re- 
cord its path.] 

At disappearaneethe meteor bill st, P. Guyot: * Comples | 

with a bright green flash. Rendiis/ Jan. 15, i 

1 riieiadiantsobscivediiiFrance' 1M72. 
duiing this month appear to i 

confirm very clo-sely Dr. Ileis’s j 

j previous results.— M. Faye.] 



Short course.. 

Almost vertically down 

i 

Increased in size, and " 

disappeared with a | 

slight explosion. The | 

course may have ex- 
tended onwards a few l| 

degrees beyond the J| 

stars named. # 

H. W. Jadson. 

1 
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Bate. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position. 

1872. 

h m 





From centre of An- 

Jan. 3 

8 13 4- 

Royal Observa- 

— Jupiter 

Bliiisli white . 

More than 1 



torv, Green- 


second. 

riga, passed half 



ivich. 




way between jS 
Tauri and i An- 







riga, across Alde- 
baran, and about 







10° beyond. 

8 

About 11 


[.arge 



First appeared in 


p.m. 





the N.W. and 






passed across the 
western sky about 
halfway between 
the horizon and 









the zenith. 

Peb. 19 

10 20 p.m. 

Brompton, Lon- 

Brighter than Jupi- 



Appeared near Rc- 


(Ion. 

ter. 



giilus, and passed 
across a point 
about ^ of the 








way from a Hy- 
drtc to Sirius. 

19 

10 21 p.m. 

Royal Observa- 


Bright light 

0 seconds 

From a point nearly 


tory, Green- 


blue. 


midway between 



wicli. 




Procyon and Si- 
lius moved neaily 
parallel to Procy- 
on and a Orionis. 

Mar.26 

7 55 p.m. 

Bedford 

— Jupiter 

Orange 


From ^(j/Ursfc Ma- 





joris, y Bodtis) lo 
very near 3 Ce-' 
pbei. 



April 1 

12 9 a.m 

Barnsbury.[Seen 

At first small, Dmn Fiisfc Not more than 

From R. A. C'‘ 40“',i 


also at Ray- 

large and bright. 

then red. 

1 second. 

N. Decl. 33^ to 



Lodge 01)ser- 

then intense 


R.A.O’h N.Decl. 



vatory, Maid- 
enliead,by Mr. 
LasscIIand Ur. 
Huggins.] 


pin pic. 


0° (point of dis- 
appearance). 

1 

8 30 p.m. 

Radcliffe Obser- 

Three times ns 

Green 


Appeared at an alti- 



vatory, Oxford. 

bright as Jupiter 



tilde of about 30°| 







under Cassiopeia, 
and disappeared 
behind tall 
bouses. 

5 

7 37 p.m. 

Upton Ilelions, 

As brightas Jupitei 

White, with a 

About 5 sees. 

Descended from i 



Crediton, De- 

or Venus. 

tinge of 


aboutl5°toabout 



von. 


green. 


5° above the N.W. 
horizon. ! 

12 

10 45 p.m. 

Somerset House, 

= Jupiter 

White, with 

2^ seconds ... 

Passed between p 



London. 


red sparks. 

and rLyncis from 
the direction of t 








(near Lconis, 
disappearing 0° 
or 8* beyond 



1 




those stars. 
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Length of 
Path. 

Direction. 

Appearance ; Remarks, &c. 

Observer. 

35° 

[From Jan. 2nd radiant-point 
KaO 

Left a fine streak 

W. C. Nash. 




‘ The Surrey Advertiser,’ 

II. W. Jackson. 



Its whole course seen through 
thin clouds, which partly ob- 
scured ' Ju]>i ter and Regulus. 
The point of disappearance is 
perhaps in error 5° or 6°. A 
very bright meteor. 



15° 


Left a streak. Sky hazy, lunar 
halo. 

ci 



Left a long, persistent streak on 
its course. 

T. E. Eiger: ‘Astrono- 
mical Register,’ Mav 
1872. 



'Fresented no extraordinary ap- 
1 pcarance at firut, but increasoilj 
i in size and brilliancy to disap- 
l)caraiice, illuminating all that 
payt of the sky. End of 
course Inddcn by a liouse. Oiil\ 
two otlier small meteors 
(moving from the same radiant- 
point towards a Tauri) seen be- 
tween 11’^ 40"’ and 13'*. 

F. W. Levander : Ibid. 

1 

j 

i 

[On the previous evening, March 

1 31st, a voiy brilliant meteor was 

1 seen at Kay-Lodge OhserNatory, 
1 Maidenhead, by Mr. Lassell and 
! Dr. Huggins, which lit up the 
i whole sky. j 

'Seen against the bright back- 
ground of the sunset aky, while 
j looking for the planet ^^crcury. 

Mr, Keating. 

S. J. Johnson. 

10° 

1 

Fell vertiCfilly 




30° 

From radiant near S Vii’' 

'Nucleus followed by a short tail 

A. S. llcrschcl. 


gilds. 

of red sparks, which remained 
visible when the meteor disap- 
peared. Left no streak. < 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

-- 

Colour. 

Duration. 

Position. 

18/2. 

h ni s 






Apr.l9 

8 30 p.m. 

Greystoke, Cum- 

Large apparent disk 

Nucleuswhite, 

Slow and re- 

Descended in the 

berland. 


surrounded 

gular speed. 

S.E., and disap- 





with bluish 

peared before 





light. 


reaching the 
ground. 

19 

About 8 40 

York 

Brighter than Ve- 


About 4 sees., 

First appeared 


p.ra. 


nns. 


appearing to 

slightly above the 






move faster 

moon ; disap- 






at last. 

peared behind 
some houses at an 
altitude of about 
20®. 

19 

11 7 p.m. 

York 

Twice as bright as 

Red and pur- 

2^ seconds ... 




Venus. 

pie. At last 


From 215° 4-41° 





white with 
red sparks. 


to 265 5 -b30 

19 

II 7 30 

ilawkliurst 

Slighter than Ist- 

Yellow 

0*.5 sec. while 

n=3 ^=3 


p.m. 


mag. ^ 


in sight. 

From 330°-j-55° 





to 335 -1-45 

22 

10 13 p.m. 

Wisbeach, Cain- 

Brighter than a 

Yellow 

3 or 4 seconds 

«= c = 


bridgeshire. 

fiist-magnitiide 



From 168° -462° 



star. 



to 22 ”|"76 







From Ursa Major 
to Cassiopeia, 

30 

7 52 p.m. 

Radcliffe Obser- 

Three times as 

Yellow 


Began 15'' or 20° E., 


vatory, O.vford. 

bright as Jupiter. 



and in a line with 







the pole. Disap- 
peared at an alti- 
tude of about 15° 
above the hori- 







zon. 

May 3 

9 25 p.m. 

Gateshead, Dur- 

As bright as Jupiter White, then 

5 secs. ; slow 

From 2° north of v 

ham. 


orange-red. 

motion. 

Coma; Bcrenicis 






i to 5° beyond a 
point 1° S. of r 

i 

28 

12 0 mid- 

Regent’s Park, 

Larger, but not Orange colour 

■ Very swift ... 

1 Airginis. 

‘From a point 15° 


night. 

London. 

brighter tlianVe- 


soutli of the ze- 



nus. 

j 

j 


1 nith to 7° or 8° 

1 below Arcturus. 


July 22 

Between 

Near Chelms- 

Like the moon .. 

■White, with 

1 About 2 secs. , 

From alt. about 40° 

8 30 p.m. 

ford, Essex. 


1 other colours 


S.W. to alt. about 


and 



in its train. 


30° W.N.W. 


9^' p.m. 





(rough estima- 





Front gIob( 


tion of position 
more than half 
way from the ho- 
rizon to the ze- 
nith). 

22 

8 55 p.m. 

Dunmow, Essex . 

Brilliant 


Shot across the sky, 




1 white ; th( 


about 5° toN.of 





rear oiu 

1 bluish. 


Arcturus. 



A CATALOr.UK OF OBSERVATIONS OP LUMINOUS METEORS. 


117 


Length of 
Path. 






Direction. 


Fell vertically 


Appearance ; Remarks, Ac, 


Descending with a 
slightly eastward 
slope. 


Nucleus globular, surrounded at! f. Fawcett : ' Nature,’ 
last by flickering radiations. | April 25th, 1872. 
Disappeared without explosion. 

Left no sparks nor luminous! 
streak. Sky hazy, with a lunarj 
halo. 

Increased from a ftrst-magnitiide^Commnnicated by 
star to beyond the brightncssj J. E. Clark, 
of V’^enus. Left a transient train. 

0 = I 

Estimated f From 172° -f 1 0'^ 
path... I to 1S8-5— 19'5. 


Observer. 


50 ^^ 


Directed like the last meteor, Disappeared with some quickly J. E. Clark, 
from radiant near n Ursae extinguished sparks. The sparks! 

Majoris. ! left upon its course appeared to* 

I follow the meteor. Very bril*| 

1 liant even in the moon's light, j 

Fell vertically Left a short sparkling streak,; Miss M. R. Herschel and; 

I which advanced along the nie-| Miss J. llerschel. 

I I teor’s cour&e, and appeared* 

Y j more conspicuous than the! 

I head. Last 5° of the meteor’s 
1 flight only seen. I 

![lTom radiant j , A beautiful meteor, even in bright S. 11. Miller, 

ill Ursa Major.] ^ mooulight. The streak ap- 

, peared to brighten up after, 
i the disappearance of the lui- 

cleus. 1 


Descended at an angle of about . 
45 tow'ards the N.M'. lion-, 
zoii. 


.;Mr. Keating. 


/ 


jpell vertically from the dlrce- White in the first, and red in the A. S. llerschel. 

tion of Ursa Major. last half of its course ; broke atj 

last into two or thi ee red sparks, 
w liich immediately disappeared. ' 

I Left no streak. j 

Xuclciis kite-shaped ; disappeared F. Crumplen. 

gr.adiially, left no streak. Seen 
among clouds which partially 
covered the sky. i 

Descending with a slight slope.' Fe-«’-shaped, leaving some sparks, F. Usborne. 

I in its course. Disappeared with-; 

I out bursting. 


i 

\l)out 40"' 


'^.E. to .ill. . 1 . 1 .. 


' Fhe meteor displayed two globes 
of light, and appeared to burst 
j at a great elevation. 


11. E. Cockayne. 
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uiffOi»N^1878. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position* 

1&72, 

h in 





Prom 2® above Al- 


8 55 p.m. 

Bridgewater ... 

n Sirius 

Orange-red ... 

1*25 second... 


tair to about 
5® N. of east, 12° 
above the hori- 

















zon. 



[Seen also at 
Chelmsford.] 

Tiftrgfi 

Bluish 

6 secs.; slow 

About halfway up 
in the sky. 





speed. 

22 

About 9 p.m. 

Cookhara, Berks, 
[Seen also at 


Intense white, 
afterwards 


Passed within 20° 



of the zenith. 



Sittingbourne, 

Kent.] 


dull red. 


[Seen also in the 
east at Ponty- 






pool; a comet- 
like star with a 








following star.] 

22 

About9p.m. 

Street, Somerset- 

Large and very 

Bright bluish 

i seconds, or 
perhaps a 

From 45° above the 


! shire. 

bright. 

green. 

E.S.E. horizon to 



i 

little less. 

25° above the 
E.N.E. horizon. 




Experiments on the Surface-friction experienced by a Plane moving 
through water. By W. Froude, F.R.S. 

[A communication ordered by the General Committee to be printed in extenso.] 
(Platea II.-VII.) 

The object of these experiments is to discover the conditions of the resistance 
to passage through the water caused to models or ships by the friction of the 
water against the sides. 

This has been investigated by towing, with the dynamometric apparatus, 
planes formed of thin boards ; these being bodies of such a form as to possess 
the least possible displacement, and present to the line of motion the least 
possible sectional area, compared to the amount of wetted skin, and at the 
same time, owing to their flotation, capable of being made stable and self- 
supporting in the water, though entirely submerged. 

The dynamometric arrangement is as follows 

The water space is a parallel-sided tank 278 feet long, 30 broad at the top, 
and 10 feet deep ; but for the sttrface-friction experiments it was necessary 
to lower the water-level about 15 inches. 

The tank is roofed from end to end, and a light railway, carried by the 
framing of the roof, traverses its entire length at about 20 inches above tlio 
normal water-level, there being a clear space between the rails, the gauge 
of which is independent of sleepers or transomes. 

A stout framed truck, suspended from the axles of two pairs of wheels, runs 
on the railway, and is moved by an endless wire rope, coiled in a spiral 
groove on an accurately turned barrel, which is driven by a small double- 
cylinder engine, having a hfeavy and highly speeded fly-wheel, and a chro. 
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Length of 
Path. 

Direction. 

Appearance ; Remarks, &c. 

Obaertfr. 

20° 

Slope about 35° 

y' 

Obsenred the disappearance by 
turning round from west, seeing 
probably only the “ spark ” at 
the end; beginning seen by 
others in the town. fS Pegasi 

J. E, Clark. 

About 40° 

From E. to W.— 11. J. Impey. 
(J. E, C.) 

only just visible in the strong 
twilight. 


From a little \V. of S. to a little 

Left no streak visible in the bright 

R. W. Rogers. 

while in 
sight. 

E.ofN. j 

1 

twilight. Disappeared without 
bursting, dying out to a red 
cinder, which went on some 
distance on the same course. 

• 

1 

About 50° ...1 

! j 

Left some sparks behind it at last, 
and some on its track, but no 
persistent streak. Disappeared 
like the ball of a rocket, one 
spark proceeding onwards some 
way. 

W. S. Clark, H. P. 
Bright Clark, and 
others. 


nometric governor of very exact action, and of such arrangements that any 
required steady sj^ced between 100 and 1000 feet per minute can be assigned 
by it to the truck. 

The truck carries the dynamometric apparatus. A skeleton diagram in 
Plate II. shows this in full detail, with the special fittings by which it was 
adapted to the surface-friction experiments; and as the diagram is fully 
referenced, the apparatus will be better understood by inspection than by a 
verbal description here. Its general character is, however, as follows 

The plane of which tho resistance is to bo tested is driven through the 
water by a suitable frictionlcss attachment, so arranged that tho horizontal 
force driving it is wholly delivered by a spiral spring, like that of a spring 
balance, tho fixed end of which is held by a strong bracket descending from 
the frame of the truck. Tho extensions of tliis spring under the Various 
forces applied form in each case a measure of tlio force. The extensions, 
brought to an enlarged scale by a lengthened index-arm, are self-recorded by 
a pen which follows tho motions of the arm, and traces a line on a sheet of 
paper carried by a cylinder which receives its motion by a band from a pulley 
on the hinder axle of the truck, so that the circumferential travel of the 
paper represents on a small scale the forward motion of the truck. A second 
pen, actuated by clockwork, marked time on the cylinder as it revolved ; so 
that in each experiment two lines were marked on the paper, one showing 
the resistance experienced at each point in tho run, the other showing the 
speed at which each portion of tho nm was performed. 

The planes were about yV inch thick, of various lengths, and as finished 
^ero uniformly 19 inches broad, and when under experiment were placed on 
edge in tho water, the upper edge being about inch below the surface. 
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The lower edge consisted of a quasi keel of lead of the fame thickness as the 
plane, and made heavy enough, to nearly neutralize tlie flotation of the light 
wood of which the planes were made. But though thus made stable, and 
approximately neutralized as to flotation, the plane under experiment required 
control to keep it resolutely vertical, and the lino of its length correctly 
horizontal, while, nevertheless, it required perfect liberty in the line of motion, 
in order that the whole towing-sirain might be accurately delivered to the 
dynamometer. 

Eor this purpose a light but stiffened wooden bar (Plate IT. c c) was hung 
longitudinally beneath the dynamometer truck, just clear of the surface of the 
water. To this the planes were rigidly attached. This bar was carried at 
each end by a light swing or rocking-frame (e e and e e), thus forming a 
parallel motion perfectly free longitudinally, and perfectly unyielding trans- 
versely. It was of course necessary to extend one of the swings above the 
point of suspension to carry a weight adjusted so as to counterbalance the 
weight of the bar, together with any sinking or floating force that the plane 
might exert ; otherwise the frame would not have been in equilibrium in the 
line of motion except in one position, and in any other position would have 
exerted a positive or negative force on the dynamometer. 

The rigid connexion between the planes (which were of course under 
water) and the swinging bar or parallel motion (which was above water) 
consisted of a kind of sliealh or cutwater (n d), which received the forward 
edge of the plane, and had a long upper cud, extending out of the water, and 
fastened to an upriglit on the swinging bur with three strong pins or holts. 
The plane was rebated to receive the sides of the sheath, so that the outside 
surface at the juncture was flush as far as possible. 

- The investigation of surfacc-frictioii may he separated into three primary 
divisions : — (1) the law of the variation of resistance with the velocity ; (2) 
the diflcronces in resistance due to differences in the quality of surface ; (B) 
the differences in the resistance per unit of surface due to differences in the 
length of surface. 

The necessity of investigating the latter of these conditions may not be at 
once apparent, it having been generally held that surface-friction varies 
directly Avith the area of suiface, and will be the same for a given area, 
whether the surface he long and narrow or short and broad. It has ahvays 
seemed to me to he impossible that this should he the case, because the por- 
tion of surface that goes first in the line of motion, in experiencing resistance 
fi’om the water, must in turn communicate to tlie water motion in the direc- 
tion in which it is itself travelling ; and consequently the portion of surface 
which succeeds the first will he rubbing, not against stationary water, but 
against water partially moving in its own direction, and cannot therefore 
experience as much resistance from it. If this reasoning holds good, it is 
certain that doubling, for instance, the length of a surface, though it doubles 
the area, would not double the resistance, for the resistance of the second 
half would not he as great as that of the first. 

In order to reduce the results obtained to the most serviceable form for 
determining the three separate conditions of resistance enumerated above, 
it was convenient to represent them graphically, by diagram, in two methods ; 
in both methods the ordinates represent resistance, while the abscissm repre- 
sent in the one case velocities, and in the other lengths of surface. Plates YI. and 
YII. are instances^of the two kinds. In the former, if the friction proved to 
vary as the square of the velocity, the diagrams would be ordinary parabohe 
originating at the zero-point of resis^tice and velocity ; in the latter, if the 
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friction per unit of surface were uniform, as is commonly supposed, through- 
out the length of the surface, and consequently the total resistance of a plane 
of given width varied simply as the length, the diagrams would be straight 
lines, originating at the zero-point of both horizontal and vertical scale. If, 
again, these lines were straight, but apparently originated at a point above 
the zero, this would indicate that there was a eonstant element of resistance 
throughout (such as head-resistance might bo), in addition to the element 
varying as the length. If, however, the lines were concave towards the base, 
this would indicate that the friction per unit of surface decreased with in- 
creasing length of surface. 

Since each plane, when once mounted, was, for convenience, tried through- 
out the intended series of velocities, the results })rimarily shaped themselves 
in the first-mentioned form. Some transcripts of the results as originally so 
plotted arc shown on Plate IV., the lines on which represent the actual resist- 
ances for any velocii^y of certain planes under certain differences of condition 
as specified in the margin of the sheet. The cross marks upon the lines show 
the actual spots decided by the individual experiments made, and from which 
the curves drawn were deduced. It may be remarked that, with the excep- 
tions which will be subsequently noticed (the lines marked b' b', c' c'), there 
is scarcely any difference between any of the lines in respect to the law of 
variation of resistance in terms of velocity, the resistance varying throughout 
nearly as the power 1*8 of the velocity. 

From the great multiplicity of the experiments tried, it would have been 
confusing to show even a tolerable large proportion of the original reductions. 
Those given are selected, partly as exhibiting the results of certain slightly 
varied conditions which will be presently referred to, and partly as fairly 
averaged specimens which instructively attest the accuracy of the experiments. 
This is shown, not only by the fairness of the curves passing strictly through 
all the spots, but also by the consistency of the contiguous lines. 

The results which had been thus reduced to diagram according to the first 
of the two methods supplied the data for constructing a general diagram 
according to the second method, as shown in Plate VII. The black lines on 
this figure express the finally analyzed and complete results, for one quality 
of surface only, up to a length of 50 feet, that being the greatest length that 
the apparatus can command. It appeared desirable to ascertain the effect of 
length of surface (at any rate provisionally) before proceeding to try various 
qualities of surface ; and the process by which these results, as given in the 
diagram, were finally a;'rived at requires some explanation. 

I commenced by a scries of experiments on planes of various lengths, from 
one foot to fifty feet, having all a similar surface. 

The results of this first series of experiments, when analyzed, gave lines 
similar to the dottec* line (a a) on Plate VII. This, it will be seen, is con- 
cave to vvards the base, thus indicating that the friction per unit of sur^ce 
does actually diminish as the length of surface increases. At the same time 
its form, as it approached the zero of speed, seemed to show, cither that this 
effect was very much more marked in the first two feet of surface, or that 
there was considerable body-resistance involved. Moreover, the line obtained, 
if drawn strictly through all the spots determined by experiment, did not 
give a fair curve. 

This might have been thought to be owing to inaccuracy in the apparatus, 
were it not that experiments, when repeated, always gave identical results, 
and that, as has been already mentioned, the results for each individual plane 
wore perfectly harmonious, thus indicating that the discrepancy in question 
1872. ‘ K 
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arose from small diiferenccs between the individual planes, probably differences 
in the thickness or nature of edge at their ends, diminishing or increasing the 
body-resistance. 

Tho initial edge of the planes tried was formed by the sheath or cutwater 
before mentioned, which held the plane in its places and this was tapered in 
horizontal section, from the thickness of tho plane to about inch, tho 

extreme edge being rounded, as shown full size in Plate III. (marked a a). 
At the tail edge there was no sheath, and the board was simply cut off square, 
as shown in tlic same figure. Clearly, if there was any great body-resistance 
due to these blunt ends, as tho line a a on Plate VII. seemed to imply, then 
the slight differences in thickness which existed between the different planes 
might bo sufficient to account for the discrepancies between their results. 
Accordingly experiments were tried with certain of the planes, of various 
lengths, already tried, but substituting a cutwater having a very thin edge, 
tapering to tho thickness of the ])laTic in G inches, as shown in horizontal 
section on Plate III, (marked n). This alteration produced a slight diminu- 
tion in tho amount of the resistance of all tho planes, but rather a greater 
reduction in the short planes than in the long ones. The difference, though 
almost too small to show, is indicated by the line a' Plate YII. Experiments 
were then tried with the tail edges of the planes, tapered in the same manner 
as tho initial edge (c, Plate III). This was tried with tho result (indicated by 
the plain lino a, Plato YII.) of a very much larger reduction in the resistance ; 
and this reduction was likewise relatively greater in tho shorter lengths. 

In order still more correctly to obtain a value by which the results of all 
tho planes already tried might be corrected for tho varying thicknesses of 
their after edges, an experiment was tried with one of the thickest pianos 
(2 feet 0 inches long) by reducing the thickness of its square-edged tail to 
that of the thinnest of'tho planes (a reduction of perhaps inch). The 
results of this arc shown on Plate Y., wdicrc the resistance of the plane with 
the thick after edge is shown by the line marked a'", and the resistance of 
the same plane with tho tail thinned by the line marked a'', and that with 
the tail tapered to a perfectly sharp edge by the line a. 

It is worth notice on this point that the difference between the reduction 
of resistance found throughout these experiments on sharpening the tail edge, 
and that found on sharpening the initial edge, seems to be entirely owing to 
the difference between the original forms of the blunt cutwater and the blunt 
tail (the former being partly tapered and rounded, while the latter was cut 
quite square). This was proved by trying tho abovc-picntioned 2-feet 0-inch 
plane, with its after edge sharpened like tho original blunt cutwater. These 
results are shown on Plate Y. by the dotted lines a' a', a a, from which it 
may be seen that tho difference between the rounded edge and the perfectly 
sharp edge is comparatively small. 

The application of the corrections obtained as I have here described to the 
results of the experiments previously made gave diagrams of resistance in 
terms of length similar to tho line marked a" a", Plato YII., tho discrepancies 
between the planes disappearing when thus corrected. But these experi- 
ments did not include any made with shorter planes than 1 foot 6 inches, 
that being the shortest length that could ho constructed with tho existing 
cutwater ; and in order to make it complete, it was most desirable to extend 
the lines as far as possible towards the zero-point of length and of resistance, 
by trying very short and thin planes, so as to test the nature of the curve 
close to the origin, and discover whether any body-resistance remained owing 
to the thickness of the plane hitherto tried. 
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It was also necessary to eliminate certain other constant resistances known 
to exist, namely, that duo to the air-resistance on the swinging bar, that due 
to the excess of surface of the cutwater, owing to its projecting up through 
the water above the upper edge of the planes, and that due to the projections 
and irregularities on its surface, caused by the fastenings of the planes. Of 
these, the air-resistanco was obtained by direct experiment; that duo to 
excess of surface was calculable on the data already possessed; and the 
resistance due to the projections tfec. was determined by trying the 1-foot 
6-inch plane, with its surface smoothed up with paraffine and varnished as 
before. The deduction of these constants brought down the lino to the plain 
lines shown on Plate VII.* 

But the first-mentioned object, that of deciding the friction of very short 
lengths, I have so far been unable to treat quite satisfactorily, owing to the 
difficulty of guiding very thin blades. I have, however, obtained good 
results with al2rinch blade imd a 6-inch blade (see Plate III. n, e) sharp on 
both edges, both about similar in longitudinal section to the 1-foot 6-inch 
plane ; and the experiments witli these gave spots through which the curves 
on Plate YII. wore drawn for the first 1-foot 6- inch length of surface. 

And though, in the absence of any successful experiment writh blades of 
different thicknesses but the same length, we can scarcely regard as disproved 
the existence of possible body- resistance due to the thickness, slight as it was, 
of the planes tried, it is obvious that it would be difficult to deduct further 
from the diagram of resistance any considerable constant representing this, 
without making the friction per unit of snrfacc decrease with increasing 
length less in the first 6 inches than it would be naturally expected to do ; 
in other words, without making the curvature of the lines on Plate VII. loss 
sharp at their origin than would bo expected, seeing that in the rest of the 
diagram the curvature becomes rapidly flatter as the lengths of plane become 
greater ; but indeed the thinness of the planes and the smallness of the re- 
duction of resistance which followed the substitution of knife-like for rounded 
edges render it almost impossible to credit body-rcsistance with any appre- 
ciable item in the account. It is also most desirable to extend these experi- 
ments to greater lengths of surface than I have been able to try with this 
apparatus. But it would indeed be almost impossible to do so in the experi- 
ment tank ; and I shall endeavour to organize some arrangement by which 
greater lengths may he successfully tried in open water, 

I have thus far confined myself, in the description of tlic result, to the 
question of the effect of lengths of surface upon resistance. I have now to 
deal with the question of (quality of surface. 

The different surfaces tested may he enumerated as follows 

Shellac vaniish. 

Hay’s composition. 

Peacock’s composition. 

Tallow. 

* Glue. 

A smooth metal surface obtained by a coating of tinfoil. 

The comparison between the first three named was made with planes 5 feet, 
16 feet, and 50 feet long, which were each coated first with Hay’s and sub- 
sequently with Peacock’s composition, all the planes having been previously 

* It should be noticed, however, tliat the scale of resistance sliown on Plate YII. gives, 
not the actual resistances due to the planes tried, but the reduced resistance due to a 
surface one foot livido and of the lengths shown. 

k2 
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tried as coated with shellac varnish. The comparison between the shellac and 
the Hay’s composition is exhibited in Plato IV., in which the plain lines 
marked a, c, and n represent the result with the shellac, and the dotted lines 
marked a', c', and n' that with the Hay’s composition. These two results I 
consider practically identical, since such small difference as is observable 
might possibly arise from some other difference in the condition of the plane ; 
and it is observable that with the 5-foot plane n, n' the scarcely perceptible 
difference is opposite in character to that shown by a', a and b', b. 

The results with Peacock’s composition are not shown in Plate V., being 
practically identical with the other two. 

The taUow surface was tried on the 16-foot plane only, and gave no diffe- 
rence, the diagrams falling between that of the shellac and that of Hay’s 
composition. 

The glued surface was tried as a specimen of a slimy, fish-like surface, 
which should partly wash off in the water. The glue was allowed to harden 
before being put in the water ; and to test its change of condition consequent 
on immersion, three experiments were tried successively at the same velocity. 
The resistance was thus found to bo throughout on the increase, the first 
experiment being about two per cent., and the third about four per cent, 
greater than that of the shellac surface, apparently implying that the resis- 
tance was increased by the softening of the surface. 

. The tinfoil surface is the only surface I have yet tried which I have 
found to have a resistance greatly different from that of varnish ; and here it 
is remarkable that the difference tends to be much less in the greater lengths 
of surface. It is consequently most unfortunate that, owing to the delay I 
experienced in getting the tinfoil for the purpose, it became impossible to 
try it on a greater length than the 16 -foot plane in time for this Report. 
The comparison of the lifrfoil surface with that of the varnish was made on 
lengths of 16 feet, 1 foot 6 inches, and 1 foot. The results with the 16-foot 
plane tinfoiled are shown by the dotted line marked c" in Plate lY. ; those 
with the 1-foot and 1 -foot-6 -inch tinfoiled are shown in Plate V. by the 
dotted lines marked b' and c" respectively. For comparison with these, 
Plate V. also shows the results of the same lengths varnished, by the plain 
lines marked b and c respectively. 

It will be seen by these diagrams that not only is the difference of resistance 
between tinfoil and varnish proportionately less in greater lengths of surface, 
but is also proportionately less at greater speeds ; consequently the law of the 
increase of resistance in terms of velocity is obviously different in the case of 
the tinfoil from what it is in the case of the varnish and the other surfaces 
which were tried. 


Report on the Antagonhm between the Action of Active Substances, 
By Thomas R. Fraser, M.D,, Secretary to the Committee, consisting 
of Sir R. Christison, Bart., Dr. Laycock, and Dr. Fraser. 

The subject of the antagonism between the actions of active substances 
has engaged considerable attention from an early peiiod of medical history. 
Many examples of its occurrence have been brought forward, which may 
be conveniently classified into those that treat of the antagonism of lethal 
actions, and those that treat of the antagonism of non-lethal actions. 
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In the latter class there are several well-authenticated examples, among 
which may be instanced the antagonism between the actions on the iris 
and minute blood-vessels of opium or moi'phia on the one hand, and bella- 
donna, hyoscyamus, and stramonium on the other ; between the actions on 
the capillary circulation of morphia and quinia; between the actions on 
the vagi nerves of physostigma and atropia, hydrocyanic acid and atropia, 
and muscaria and atropia ; and between the actions on the iris and on visual 
accommodation of physostigma and atropia. 

In the former class the examples are likewise numerous ; but a careful 
examination of the evidence in their support cannot fail to lead to the con- 
clusion that, with very few exceptions, it is of an unsatisfactory nature. 
In the majority of cases where an active substance has acquired the 
reputation of counteracting the fatal ctFect of some other substance or 
substances, this reputation Las mainly been founded on the results of 
clinical experience. In sucli experience there are difficulties in dis- 
covering not only what dose of poison has been introduced into the system, 
but even when this dose has been ascertained it is generally impossible 
to feel assured that it is a sufficient one to produce death ; and, further, 
the effects of the substance introduced as a physiological antidote can 
rarely bo accurately obseiwed. The exigencies of treatment demand that 
every likely method of alleviatiug the symptoms should bo applied ; and 
among these it is difficult, if not impossible, to discover accurately the 
effects of any single antidote. It is not therefore to be wondered at that 
the accumulated clinical observations of more than two centuries should 
have failed in proving that opium is able to prevent the fatal effect of 
belladonna, and that this evidence has equally failed in establishing the 
existence of any one of the examples of lethal antagonism to which atten- 
tion has more recently been drawn. 

A method whereby the existence of a lethal antagonism can satisfactorily 
be tested is by experiment on the lower animals. In such experiments 
the most important of the causes of fallacy that have been alluded to can 
readily be avoided. It is a simple matter to determine, in any given species 
of animal, the minimum dose of an active substance that can produce 
death, and then to test the antidotal intluence of its supposed antagonist 
when a lethal dose of the poison has been administered. The most con- 
vincing proof may be thus obtained of an antidotal influence ; and trusting 
to this proof, the practitioner may with confidence employ the antidote in 
cases of poisoning in man. It is unnecessary to show that the fallacies 
asserted to exist in such experiments have been greatly exaggerated, or 
that the supposed differences between the results in man and in the lower 
animals do not possess the importance that has been claimed for them, as 
fortunately nothing remains to bo done in Ibis direction since the convincing 
arguments of Claude Bernard have been advanced and generally accepted. 

In this llcport it is proposed to bring before the Association the results of 
an investigation in which the influence of atropia upon the lethal action of 
physostigma was examined, by experiments on the lower animals. The 
nature of this influence may ho shown by a brief account of two of the ex- 
periments that were made. 

A rabbit received by subcutaneous injection a dose of extract of physo- 
stigma considerably greater than the minimum lethal j and one minute and a 
half afterwards it received, also by subcutaneous injection, half a grain of 
sulphate of atropia. In seven minutes after the injection of atropia the 
pupils measured H X of an inch, the size immediately before the ex- 
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periment having been X of an inch ; the rate of the heart’s contractions 
was considerably accelerated ; fibrillary twitches were occurring, and a little 
restlessness was present. Soon afterwards the pupils became still further 
dilated, and the animal had some difficulty in moving about. In fifty- two 
minutes the pupils measured ^ J x of an inch, and the difficulty in moving 
about had become greater. In one hour and ten minutes, however, evidences 
of recovery were manifested; the animal went about with but little difficulty, 
and frequently a perfectly normal sitting posture was assumed. Indeed the 
only symptom of an abnormal character that was now apparent consisted 
of frequently occurring and well-marked fibrillary twitches. From this 
time the condition of the animal steadily improved, until perfect recovery 
occurred. As the minimum lethal dose of this preparation of physostigma, 
for any given weight of rabbit, had been determined by a preliminary series 
of experiments, it was known that the dose given in this experiment was 
rather more than twice as large as the minimum lethal. Yet the fatal effect 
of this large dose was prevented in a remarkable manner by the dose of 
atropia given in conjunction with it. To add to the proof that was thereby 
obtained, of an antagonism between these two substances, there was ad- 
ministered to this rabbit, nine days afterwards, a dose of extract of physo- 
stigma, only half as large as that from which it had thus recovered. Symptoms 
of poisoning very quickly appeared, and death occurred in about fourteen 
minutes. 

In the second experiment, a dog, weighing ten pounds and three ounces, re- 
ceived by subcutaneous injection three fifths of a grain of sulphate of physo- 
stigmia, dissolved in a few drops of distilled water. Before the injection the rate 
per ten so onds of the cardiac impulses was 32, and that of the respirations 4, 
and the size of the pupils was of an inch. In four minutes after the 

administration of physostiglna slight tremors occurred, and fibrillary twitches 
were present. In five minutes a solution containing three tenths of a grain 
of sulphate of atropia was injected nndcr the skin. In two minutes there- 
after the tremors had become more prominent and strong, the limbs were un- 
able properly to support the body, saliva escaped from the mouth, and the eye- 
balls were unnaturally moist. In five minutes the pupils were greatly 
dilated ; but now the secretions of the salivary and laclirymal glands were 
diminished. In seven minutes the dog lay quietly on the abdomen and chest, 
but in thirteen minutes it fell over on the side. This general condition re- 
mained until forty-eight minutes, when the symptoms improved ; and after 
some efibrts the dog rose, and then lay down in a normal crouching posture. 
Soon afterwards it again got up and walked about the room with only a little 
unsteadiness. In one hour and fifty-five minutes the animal seemed to bo 
perfectly well. 

Nineteen days after the performance of this experiment, the same dog 
received by subcutaneous injection a dose of sulphate of ])hyso8tigmia only 
one half as large as that from which it had recovered when atropia was 
also given, and the result was that death was produced in twenty-two minutes. 

It is manifest that in these two experiments atropia acted as a physio- 
logical counteragent to the toxic action of physostigma. In other 195 ex- 
periments the fatal effect of undoubtedly lethal doses of physostigma was 
likewise prevented by atropia. This investigation has therefore proved that 
atropia is a counteragent to the lethal action of physostigma. 

As both of these substances possess a number of separate actions, it was not 
imreasonable to anticipate that several of them are not mutually antagonistic, 
and therefore that combinations of certain doses of the two substances moy 
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bo administered whereby the non-antagonized actions will be produced iu 
silfflcient degrees of energy to bo able to cause death. It was probable, 
therefore, that successful antagonism would not be exerted throughout an un- 
limited range of doses, but only within a definite range. 

In order to define the limits of the counteracting influence of atropia upon 
the lethal action of physostigma, three series of experiments were made. 

It was found necessary to make all the experiments of these three series 
on rabbits, as it was impossible to obtain a sufficient number of any other 
suitable animal. The rabbits used were generally about throe pounds in 
weight ; but when they were lighter or heavier than three pounds a correction 
was made, so that each dose represented three pounds weight of animal. 

In the first and second series a constant interval of time wms maintained 
between the administration of the two suhstanees ; but in the first atropia 
>vas administered five minutes before physostigma, w^hilc in the second atropia 
was administered five minutes after physostigma. In both of these series 
experiments w’ere made, in the first place, wdth the minimum lethal dose of 
physostigma, and in combination wuth it various doses of atropia were given, 
ranging from one that was too small to prevent death, through a number that 
w ere able to do so, until a dose w^as found w hose administration resulted iu 
death. Similar experiments wore made W'ith a dose of physostigma once and 
a lialf as large as the minimum lethal ; then with one twice as large as the 
minimum lethal, and so on, at the same rate of progn'ssioii, until a dose was 
reached that w^as too largo to be successfully counteracted by any dose of 
atropia. 

The results obtained by tho^r.s-^ of these tw’o scries of experiments were, 
that W’ith the minimum lethal dose of physostigma gr. of sulphate of 

atropia is too small a close to prevent death, but that ()•()! 5 gr. is suffieieut 
to do so; and that w'ith any dose ranging from 0*01 5 gr. to 5*2 grs., tjio 
fatal effect of this dose of pliysosligma may be ])revcnted ; wdiilc if the doso 
of sulphate of atropia bo 5*J^grs. or more, the region of successful antagonism 
is left, and death occurs. AVitli once am! a half the minimum lethal doso 
of physostigma, successful antagonism was juoduced by doses of sulphate 
of atropia r/inging from 0’G2 to 4’1 grs. ; with twice the minimum lethal 
dose of physostigma, with doses of sulphate of atropia ranging from 0*021 to 
13*2 grs. ; with two and a /m// times the minimum lethal dose of physostigma, 
with doses of sulpliate of atropia. ranging from 0*025 to 2*2 grs. ; with thrice 
the minimum lethal dose of pliysostigma, with doses of sulphate of atropia 
ranging from 0*06 to 1*2 gr. ; and w ith fhne and a half times the minimum 
lethal dose of physostigma, wntb doses of sulphate of atropia ranging from 
0*1 to 0*2 gr. Successful antagonism could Jiot bo obtained above this dose, 
and accordingly three and a half times the minimum lethal dose of physo- 
stigma is the largest quantity wliose lethal action can bo prevented by 
atropia administered five nhiuitcs previously. 

Tho results obtained by the second scries of experiments (in wdiich atropia 
was administered five minutes after pby.sostigma) wmre essentially the same as 
those obtained by tho first scries, excepting that the region of successful 
antagonism w-as found to bo a more limited one. In both series the general 
result was obtained, that the range of doses of atropia capable of preventing 
the lethal action of physostigma diminishes according ns tho dose of physo- 
stigma is increased. 

In the third series of experiments, a constant dose of physostigma (once* 
and a half the minimum lethal) was given along with various doses of 
atropia ; and w ith each of tho doses of atropia several experiments were 
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made, which differed from each other by a difference in the interval of time 
between the administration of the two substances. On this plan two sets of 
experiments were made, in one of which atropia was given before physo- 
stigma, and in the other after it ; and subsequently these two sets of ex- 
periments were connected together by a third, in which atropia, in various 
doses, was given simultaneously with the same dose of physostigma as was 
given in the two other sets of experiments. The general result of this scries 
of experiments is that successful antagonism occurs with a greater range of 
doses of atropia, and a greater range of intervals of time between the two 
administrations, when atropia is given before physostigma than when it is 
given after it. 

An eminent authority in pharmacology has recently published the state- 
ment that the only method whereby the injurious action of a poison, absorbed 
into the blood, can bo made to terminate is by the employment of such 
means as will cause or hasten the elimination of the poison. This statemc^mt, 
fortunately, does not accurately describe our remedial resources. The exist- 
ence of so undoubted an example of ph)^8iological antagonism as that between 
atropia and physostigma shows that the toxic influence of a morbific agent 
may be directly opposed by a physiological antidote, and that recovery may 
be produced by influencing the abnormal conditions themselves, in such a 
manner as to cause their return to a normal state. 


Fifth Report of the Committee ^ consisting o/Sir W. Thomson, F.R^S., 
Professor Everett, ®ir Charles Lyell, Bart,^ F.R.S,, Professor 
J. Clerk Maxwell, F,R,S,, Professor Phillips, F.R^S,, G. J. 
Symons, F,M,S,j Professor Ramsay, FM,S,, Professor Geikie, 
jF.jR.S., James Glaisher, F.R.S,, Rev. Dr. Graham, G. Maw, 
jF.G./S., W. Pengelly, F.R.S., S. J. Mackie, F,G.S., Professor 
Hull, F.R.S,, and Professor Ansted, F.K.S., appointed for the 
purpose of investigating the Rate of Increase of Underground Tern- 
perature doivnwards in various localities of Dry Land and under 
Water. By Professor Everett, D.C.L.^ Secretary. 

In December last intelligence was received from Prof. Sismonda that the 
administration of the railway owning the Alpine tunnel had given per- 
mission to Father 8ecchi to carry on a series of observations in the tunnel 
concerning terrestrial magnetism, and that this distinguished observer was 
willing at the same time to conduct observations of temperature in accord- 
ance with the plans of your Committee. Two maximum and two minimum 
thermometers were accordingly placed in Father Secchi’s hands ; but it 
appears that the arrangements for commencing the magnetic observations 
are not yet completed, and that accordingly no observations of tempera- 
ture have as yet been taken. 

Prof. Lubimoff, of Moscow, on receiving a copy of last year’s Report, 
wrote to the Secretary, correcting a mistake in the description of the 
thermometer used in taking observations in the Moscow well. The ther- 
mometer was enclosed in an hermetically sealed case containing air, and 
was therefore completely protected against any possible effect of pressure. 
Prof. Lubimoff at the same time asked to be furnished with a thermometer 
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of the Dew pattern described in the Eeport (the upright Negretti pattern), 
and one of these instruments was accordingly sent. 

Dr. Wild, of the Central Observatory, 8t. Petersburg, wrote in January, 
requesting that two thermometers for observations in bores might be ordered 
in his name. At this time the Secretary Avas in correspondence with Sir 
Wm. Thomson, who entortaiued doubts as to the successful working of the 
new thermometer, and expressed a preference for the Phillips pattern 
(which has been described in preceding llcports) and the Casella-Miller 
pattern (a modified Six), which has been extensively used for deep-sea 
temperatures. Thermometers of these two patterns were accordingly ordered 
and despatched to Dr. Wild. 

A letter was received from Prof. Henry, of the Smithsonian Institution, 
Washington, in April, stating that the Chief Engineer of the Hoosac Tunnel 
had promised to have observations of temperature taken in the tunnel, if 
thermometers were sent. Its total length will be 4| miles, about two 
thirds of which has been penetrated, by \vorking from both ends and from 
a central shaft 1028 feet deep. The mountain has two ridges, under 
which the tunnel passes, and their heights above it are respectively 1720 
and 1420 feet. Four thermometers have been sent, viz. two large mini- 
mum Ilutherfords, for observations in the tunnel, and two upright Xegrettis, 
for observations in the shaft. 

The Council of the School of Clines at Ballarat, Australia, have, in com- 
pliunco with a request addressed to one of their number by our observer, 
Mr. David Burns, C.E., consented to take charge of some thermometers, and to 
furnish observations from the bores and shafts in that important gold-mining 
district. Most of the principal mining managers arc connected with the 
school. Four thermometers have accordingly been sent, viz. two upright 
Negrettis for observations in bores, and two simple mercurial thermometers, 
of large size, for observations during the sinking of shafts. 

Home exceedingly deep Artesian borings have hoeii undertaken in Franco 
in recent years ; and the President of the Geological Society, ]Mr. Prest- 
wdeh (who has allowed his name to be added to your (bmmittce), has fur- 
nished your Hecrctary with introductious which will probably lead to the 
obtaining of very numerous and valuable observations from these wells. 

The largest of them all is one which is now sinking for the municipality 
of Paris, at La Chapelle, St. Denis, a northern suburb of Paris, and has 
already obtained a depth conskh'rably exceeding that of the Puits de Cre- 
nelle. It is expected that its final depth will be iibout 2800 feet. Appli- 
cation was made by the Secretary to the eminent firm of well-borers, Messrs. 
Mauget, Lippmann, and Co., who arc sinking the well, and these gentlemen 
at once, in the most obliging manner, consented to take observations of tem- 
perature in it. An upright Ncgretti thermometer was accordingly furnished ; 
and about the 20th of June your Secretary had the pleasure of receiving from 
them two complete sets of observations taken on the 141h, 15ih, ITtli, and 
18th of that month with their own hands, at every 100th metre of depth, 
and also at the bottom of the well, G60 metres deep. 

The observations are given in the subjoined Table, in which the third 
column shows the time that the thermometer was allowed to remain at the 
depth specified before hauling up and reading. The temperature at which 
the thermometer was set before letting it down is also given in Messrs. 
Mauget and Lippmann's report, but is not here inserted. 
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First series, June 14, 15. 

Second series, June 17, 18. 

Depth, in 
metres. 

Temperature, 

Fahrenheit. 

Time down. 

Temperature, 

Fahrenheit. 

Time down. 



h m 

o 

li m 

100 

58*0 

0 35 

58*0 

3 25 

200 

61*1 

0 30 

61-0 

2 0 

300 

65*0 

0 30 

65*0 

2 0 

400 

69-0 

3 10 

69*0 

11 20 

* 500 

72-6 

0 30 

72*6 

2 0 

600 

75-8 

0 30 

75*4 

2 0 

660 

83-25 

15 45 

83-25 

2 0 


The agreement between the first and second set of observations is remark- 
ably close ; and as the time of leaving the thermometer in the water was 
about half an hour in most of the observations of the first set, and two 
hours or more in all the observations of the second set, it is obvious that 
half an hour is a sufficient time to give a correct observation. This conclu- 
sion is satisfactory both as regards the relia])i]ity of the observations them- 
selves, and also as establishing the fact that this pattern of thermometer is 
not unreasonably slow in its working. The exactness of the agreement also 
serves to show that the thermometer can be depended on to the tenth of a 
degree, and thht wo may henceforth use it with confidence. 

Before proceeding to discuss the observations, it will be convenient to give 
a few particulars respecting the well, which have been kindly furnished by 
Messrs. Mauget and Lippraann, 

It was commenced by the municipal authorities ns a masonry wmll, by the 
ordinary method of digging, until it had reached a depth of 34*5 metres. 
The intention was to carry it in this way to the doptli of about 135 metres, 
the estimated depth of the tertiary strata covering the chalk ; but the diffi- 
culties and dangers which were encountered, from the want of tenacity in 
the soil (Ja nature essentlelJement ehoideuse des terrains), and latterly from 
the insufficiency of the pumps, rendered it necessary to abandon this inten- 
tion ; and in May 1865 the t^isk of completing the well by boring was 
assigned to Messrs. Begousee and Laurent, the predecessors in business of the 
gentlemen to whom we arc indebted for these observations. A small trial 
bore (0*2 metre in diameter) was commenced, and continued till January 1860, 
by which time the machinery for the heavier work was ready. In order 
to support the masonry, wffiich showed signs of giving way, it was tubed 
through its whole length with a tube 1*8 metro in diameter and 0-02 
metre thick, cemented externally. From the bottom of this tube, at the 
depth of 34*5 metres, a bore 1*7 metro in diameter was carried to the 
depth of 68*7 metros from the surface of the ground. A second tube 
1*58 metre in internal diameter was inserted to the depth of 121*6 metres, 
and a third tube of internal diameter 1*39 metre was carried down into 
the chalky marls and the upper portion of the chalk at the depth of 
139*15 metres from the surface. From this point downwards, the bore 
has been driven through the chalk, and tubing has been unnecessary, its 
diameter at the depth of 662 metres being still 1*35 metre. 

The thickness of the tertiary strata is 137 metres, and the elevation of 
the surface of the ground above sea-levej is 48 metres, or 157 feet. 
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The springs which were met with in the tertiary strata correspond to 
those found in other parts of the basin in which Paris is situated, and 
have not sufficient strength to spout above the surface of the ground at 
this elevation. They were encountered at the depths of 10*2 metres, 
34*5 metres, 86 metres, and 07 metres, and the water now stands in 
equilibrium in the central tube at 16*5 metres below the surface of the 
ground. 

It was not practicable to take observations of temperature during the 
regular progress of the boring; but an interruption occurred on the 12th 
of June, and the tool was not at work from this date till after both sets 
of observations were finished. Iji reference to this point, ^lessrs. Mauget 
and Lippmann say, under date April 29, “ To obtain the natural temperature, 
it will be necessary to select a time when the work lias been interrupted for 
several days ; for the horing being executed by iho fall of a heavy tool upon 
the bottom of the well, the percussion dcvclopcs a considerable amount of 
heat, as we perceive by the mud {Irs haves) which we extract, and which 
in coming to the surface is found to have still a tcniporaturc of from 48^ 
to 90° C. (1 18° to 194° F.).” In their letter of June 19, containing the 
report of the observations, they remark : — 

“ You will observe that though the water at the bottom of the well is 
still some degrees above its natural temperature owing to the action of 
the drill {tnpav), the latter has not been in operation since the 12th of 
the month. At a convenient time, wo intend to observe the temperature 
of the mud as it lies at the bottom of the well, immediately after the 
withdrawal of tlu; drill, when the latter has been working constantly, a 
temperature which will probably be found to depend upon the hardness of 
the rock.'^ 

The following Table exhibits the successive increments of temporaturo 
shown in the second series, whicli purports to be the more accurate : — 


Depth, in metres. 

liicl'case in deg, 
Faiireiiheit, 

Metres per deg. 
Falirenlioit. 

Feet }>er deg. i 
Fuhrenheit. j 

100 to 200 

300 

33*3 

100 

200 to :too 

4-00 

25-0 

82 

300 to 400 

4*00 

25-0 

82 ! 

400 to r>oo 

3*60 

27-8 

91 

500 to 000 

2*S0 

35*7 

117 

600 to (500 

7-S5 i 

7*6 

25 


The last two columns of this Table show that the rate of increase is about 
four timqg as rapid in the last tJO metres as in the rest of the well, a circum- 
stance which naturally suggests tlic explanation given by Messrs. Mauget 
and Lippmann. There are, however, some difficulties in the way of accepting 
this view. Comparing the two sets of observations, one taken on the second 
and third day after the withdrawal of the tool, and the other on the fifth and 
sixth dny, we have precisely the same temperature at the bottom of the well 
on both occasions, although the observations were sufficiently precise to 
detect a difference of a tenth of a degree where such difference existed. It 
seems difficult to believe that a temperature 2| degrees above the normal 
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tomperature could have remained for two daj’s without sensible diminution. 
In connexion with this question, the apparent cooling to the extent of 
0^*4 at the depth of GOO metres between the first and second observation 
demands attention, and is not very easily explained. 

If the observed temperature at GGO metres is to bo taken as the normal 
temperature, the average increase from 100 metres to tluit depth is at the 
rate of 1° F. in 22*2 metres, or in 72*8 feet. If the observed tempera- 
ture at 600 metres in the second series is adopted, the increase from 
100 metres to that depth is at the rate of 1° F. in 28*7 metres, or in 
feet. 

The observations proposed by Messrs. Mauget and Lippmaim in the para- 
graph above quoted will bo eminently calculated to assist in showing the 
correct interpretation. 

Mr. G. A. Lebour, F.G.8., of II.M. Geological Survey, has furnished obser- 
vations taken in a bore-hole executed at the bottom of South Iletton Colliery, 
Durham. The observations were taken by Mr. J. B. Atkinson, a student at 
the Newcastle College of Physical Science, and appear to liave been carefully 
made. Thanks are also due to the viewer of the colliery, Mr. Matthews, for 
granting the requisite facilities. 

The hole is 2^ inches in diameter, and was bored out of the pumping 
side of the South Hotton shaft, in order that the bore-rods might be the more 
readily altered. The depth of the shaft is 1066 feet, that of the bore-hole 
863 feet from the bottom of the shaft, or 1921) feet from the surface of 
the ground. The section of the boring (not including the shaft) consists 
of 123 alternating beds of shale and sandstone*, with occasional thin seams 
of coal and some fire-clays. The bottom of the boring has reached a very 
coarse white grit, which is supposed to be the topmost bed of the Millstone- 
grit series. 

The bore was dry at the time of its execution, but has since become 
filled with water, probably derived from the shaft above it. Streams, in 
fact, pour down the shaft and play about the hole. 

Two thermometers, one of them an unprotected Phillips, and the other a 
protected Negretti, were supplied by the SocTctary to Mr. Lebour, as it was 
not certainly known at that time whether the bore was dry or wet. !Mr. 
Lebour indeed believed it to be dry, but nevertheless selected the Negretti 
thermometer, as it was thought that the Phillips could not be road off accu- 
rately with the poor light uhich in the position of this bore-hole was alone 
available. 

The following Table exhibits the results of all the observations which 
have been taken in the bore, including three which were taken in 1869, 
while the boring was going on. The boring was stopped, in the case of each 
of these three observations, only about 20 minutes before the observations 
were made ; and the heat due to friction appears to have produced abnormal 
elevation of temperature, amounting to about 2^ at the depth of 288 feet, to 
about 6^ at the depth of 582 feet, and to considerably more than this at 
858 feet. The other observations in the Table are Mr. Atkinson’s, taken 
with the Negretti thermometer. 

* A complete list of the strata lias been furnished, and will be preserved by the Secre- 
tary, with a view to future reference if required. 
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Depth from bottom 
of slialt, in feet. 

Depth from surface of 
ground, in feet. 

Temperatures ob- 
served during 
boring, April 18()9. 

Temperatures ob- | 
served April 1872. 

100 

llGfi 

0 

o 

66 

200 

1266 


68| 

288 

1354 

72 

300 

1366 


70 

400 

1466 

1 

72 

500 

1566 


741 

582 

1648 

82 

GOO 

1666 


761 

G44 

1710 


75 

G70 

1736 



858 

1924 

96 


Tho toinporaturc 73° at the depth of 044 feet, a temperature lower than 
(‘ither of the two between wliich it stands, was taken on the first day of Mr. 
Atkinson’s observations, and was confirmed by repeated trials at that time. 
This Avas tlie lowest depth that could then bo reached, tho remainder of the 
boring being apparently plugged up Avitli ‘‘ sludge.” A spike Avas subse- 
quently attached to the thermometer case, which enabled it to pierce deeper 
into the sludge ; hut the lowest depth which could be reached (070 feet) 
is still far from the bottom of the bore. 

It is intended to fake a fresh series of observations at every 50th foot of 
depth, and especially to reexamine the temperatures at about C50 feet, 
where the reversal of temperature was observed. 

The following are tho rates of increase deduced from Mr. Atkinson’s 
observations, omitting the temperature 75° at the depth of G44 feet: — * 


Depth, in feel. 

Increase in degrees. 
Balirenbeit. 

Feet per degree. 

100 to 200 

2^- 

36 

200 to 300 

u 

so 

300 to -too 

2 

50 

400 to 500 

h 

40 

500 to GOO 


02 

GoO to G70 

1 

70 

100 to G70 


51-2 


The average increase between the depths of 100 and G70 feet is 1° in 
51*2 feet. These depths are reckoned from the top of the bore-hole, AA’hicli 
is loot) feet below the surface of the ground. Mv, Lebour assumes that the 
temperature at the de])th of GO feet from the surface of the ground is 
48°. Accepting this estimate, wo haA'o a differenco of 29J-° in 1G7G feet 
(100G-}-G70-- (>0= 1 G7G), which is at the rate of 1° in 57*5 feet. 

Mr. David Burns, r.d.S., reports that, from changes in the management 
of the mines and other causes, it has not been powssiblc as yet to carry out 
tho dry observations at Allenheads mentioned in last year's llenort. 

Only one other shaft has been met with at all suitable for observation. 
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It is called Brandon Walls shaft, and belongs to the Bookhope Talley Mining 
Company, to the courtesy of whose agent wo arc indebted for liberty to take 
observations. This shaft is some 0 miles oast of those reported on last 
year, and is situated in the very bottom of Bookhope Valley. The mouth 
is covered over with a wooden shed, the shaft itself is free from all obstruc- 
tion, and the water in it has not been disturbed for some years. The shaft 
is B33 feet deep, and is full of water to within 25 feet of the surface of the 
ground. Observations (by Mr. Burns and Mr. Curry, of Bolkburn) were 
taken in it on five different da 3’8 in July of the present year ; but though 
agreeing well with one another from day to day, they are so irregular that 
they throw little light on the rate of increase of underground temperature. 
At the depths of 83 and 133 feet from the ground the temperature was 
48°*5. In the next 50 feet there was an increase of about 3°, tho tempera- 
ture at 183 feet being about 51^*4, and from this depth to the bottom (an 
interval of 150 feet) tho temperature was nearly constant. Tho best deter- 
mination of the temperature at the bottom Avas 5B'7. 

It may be remarked that all observations in shafts thus far have exhibited 
irregularities of this kind. The Avator in such Inrgc openings seems to have 
its temperature governed by springs and other extraneous causes, rather than 
by the temperature of the surrounding soil. 

The observations at every 50th foot of depth in the Kentish Town Avoll, as 
given in previous Beports, are so complete that it has not been thought 
necessary to continue them. A very delicate thermometer, reading by esti- 
mation to the of a degree, has, however, been procured, for taking obser- 
vations from year to year at one constant depth (1000 feet). It Avas con- 
structed ten months ago, and being enclosed in a partially exhausted glass 
tube, wiU probably not undergo much change of zero. It has been four times 
tested by comparison Avith standards, and has been found to have no error 
amounting to nearly so much as 0°‘l. In consequence of Mr. Symons’s 
illness, no observation has yet been taken Avitb it in the avoII. 

A Six’s thermometer, which, through tlic breaking of a rope, had fallen 
into the mud at the depth of 1090 feet from tho surface of the ground, Avas 
extracted by Mr. Symons last November, more than a year after its fall. It 
had sustained no damage, and its indication AAdien hauled iij) was biP’4, 
nearly agreeing with the temperature previoush" ohseiwed at that depth. 

In addition to the large number of thermometers above mentioned as 
having been issued during the past j’ear, one has been furnished for obser- 
vations which are to be made in the projected boring through the Weald en 
and underlying strata. With the exception of Mr. Symons’s observations at 
Kentish Town (London, N.), we have as yet no observations of temperature 
from the southern parts of England. 


Prelhninary Report of the Committee on Siemens\^ EledricaUResistance 
Pyrometer, consisting o/ Professor A. W. Williawsov, F.R,S,, Sir 
W. Thomson, D,C,L,, F.R.S,, and Professor J, Clerk Maxwell, 
LL.D., F.R.S. 

The experiments of the Committee have hitherto been confined to testing tho 
electrical permanence of the coil of wire used in the pyrometer. For this 
purpose the resistance of the coil has been repeatedly taken at known 
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temperatures, and also at a red licat, at which latter temperature the resist- 
ance was about three and a half times as great as at atmospheric tem- 
peratures, After being heated, it was found that the resistance of the 
pyrometer was slightly greater at a low temperature than it had been at the 
same temperature previously; but the permanent change which thus took 
place became smaller and smaller after successive heatings, so that the 
instrument may bo expected to reach a condition iu which no further im- 
portant alteration will bo produced in it by exposure to a red heat. 

Tiio Committee arc, however, informed by Mr. Siemens that he believes 
that the small amount of variation to which the ])yrometer, as hitherto con- 
structed, Avas thus found to be subject, may be considerably lessened, or 
altogether prevented, by an easy alteration in the mode of enclosing the coil. 
Under these circuinstaiicos it is considered desirable to post])one further tiiaJs 
until the more perfect form of the inslrument can bo experimented with ; the 
Committee, the re fore, suggest that the}" should be reappointed, and that the 
grant of made at the last Meeting, none of which has been expended, 
should oe renewed. 


Fourth Report of the Couunittee on the Treatment and UiUizafiun of 
Sewaf/e, conslatiuf/ of Richard B. (traxtham, C.jB.,F.G.S. (Chair- 
imiii), Professor W. 11 . Cokfield, M.A.^ MJ),, * J. Bailey Denton, 
C.F,j F,G,S., Dr. J. II. (Gilbert, FJi.S., *John Thornhill IIau- 
uisoN, C.E., W. Hope, V.C., *Licut.-Col. Leach, R.E,, Dr. A. 
^ OELCKEH, FJtS., and Professor A. W. Williamson, F.lf./S. 

N.U. - iiioinb(‘i\s wliuso nainc^ have an asterisk j)ro/ixcd have not attended any 

mooting of tiio Coninilttoc during tlio yoar. 

The Committee, since its reappointment at the last Meeting of the Associa- 
tion at Edinhurgli, has pursued the iiupiiry iiitrust(‘d to it, and, as heretofore, 
its investigations have been limited to such matters as have afforded the 
promise of practical utility. Among the various methods of treatment or 
utilization of sewage brouglit to the notice of the Committee, that of treating 
sewage by ^Lcssrs. Weare's process at- Stoke Union ^Vorkhouse, the precipi- 
tation and conversion of the deposited matters into cement at Ealing, and 
the system of intermittent downward iillration at Merthyr Tydlil have 
appeared most important ; and they have accordingly been investigated, the 
results appearing in Sections 1., II., & VI. of tliis Report. A process known 
as Whitthrend’s patent has bt’cn also examined by experiment on a suffi- 
ciently large scale, and the result is given in Section III. 

The Committee having reported upon the scwagc-fiirms at Tunbridge Wells 
and Earlswood at tlie last Meeting of the Association, it was thought 
advisable to inspect them again, as the works were incomplete when the 
Committee last visited them. 

The observations at Breton’s Farm have been proceeded with uninter- 
ruptedly, and are described in Section VII, of this Report. It is only neces- 
sary to add hero that these investigations have now extended over a period 
of more than two years ; and the experience thus gained from the contimwwf 
records of the flow, and sampling for analysis, of the sewage and effluent water, 
of the application of the sewage to the various crops, of the results of such 
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application upon the produce grown, and the degree of purification effected 
n the sewage, will, it is hoped, prove valuable to sewer authorities and 
others interested in the question of sewage-farming. Being fully impressed 
with the importance of these investigations, the Committee has paid special 
attention to render them as complete as possible ; hut it is felt that to perfect 
them, especially as regards the important branch relating to the effect of 
the application of the sewage upon the crops grown, it will be necessary to 
continue them for, at least, some months longer. This cannot, however, bo 
done unless further funds are placed at the disposal of the Committee. The 
large number of analyses already made for the Committee, together with the 
great expense of an assistant constantly at Breton’s Farm, and the various 
other investigations undertaken, have now nearly exhausted the Special 
Fund contributed by the towns. In requesting its reappointment, the Com- 
mittee begs to submit to the Council of the Association the desirability of placing 
it in a position to complete the long and anxious inquiry intrusted to it. 


Section I. — Leodorizatlon of J^ewarje and precipitation of Solid Matters, as 

carried on itnder the Patent of Messrs. Wearc and Co. at Siolce Union 

Workhouse. 

The attention of the Committee was specially directed to this process by the 
authorities of towns where the process had been discussed as a possible 
means of dealing satisfactorily with sewage ; and although only in operation 
on a small scale, the Committee felt it desirable to investigate the results, such 
as they were, and accordingly an inspector was sent in September 1871 to 
tho Workhouse at Stoke-upon-Trent. Every facility was afforded by the 
manager for tho examination of the process, which was fairly conducted, and 
tho (Governor of tho Union kindjy gave the re({uisito particulars of tho 
administration of the establishment. 

The workhouse contains on an average 7o0 persons of all ages, whoso 
diet comprises meat and vegetables, puddings, rice, and soup, each on certain 
days of the week. The supply of water fit for drinking and culinary pur- 
poses is very small, and is obtained iirincipally from a well pumped by a 
steam-engine, and that for washing and scouring is taken from a pond, 
which is chiefly supplied by rain-water from roofs. Every department of tho 
establishment is provided with water-closets, on the trough system, and they 
are emptied every 24 hours, and closely attended to in order to prevent 
interference by the inmates. 

The process of purification of the sewage is protected by a patent. It con- 
sists, in the first instance, of simple filtration through coarse ashes and char- 
coal, performed in a large tank called the Faecal Tank, which is divided into 
two compartments, so that one may ho at work while the other is being 
cleared. These compartments are again subdivided into two chambers, one 
large and one small. The raw sewage is brought to a small receiver and 
from it turned, by means of sluices, into cither compartment. Tho samples 
of sewage taken by the Committee’s inspector were obtained from tliis 
receiver; the flow was ascertained to bo about .0000 gallons in the 24 
hours, being much below the capacity of the filters, which were constructed 
for 20,000 gallons per day. From the largo chambers of tho fmcal tank tlie 
sewage is passed through wooden screens, containing 2 feet of charcoal, into 
the small chambers, which contain about .5 feet 6 inches of rough oliarcoal, 
through which the sewage passes to a smaller tank or well, thus completing 
the first stage of filtration. The suspended mutters are partly arrested by 
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the wooden and charcoal screens between the large and small chambers, and 
a further deposit takes place in the small chamber, which is cleared once iu 
six months ; but at the time of tho Committee’s inspection it had not been 
cleared for nine months, owing to the constant visite of persons anxious to 
inspect tho process. Samples of tho sewage at this stage of the process were 
duly taken. From the tank or well before described, the sewage (after again 
passing through a perforated screen containing 0 inches of rough charcoal) 
is convoyed by a 12-inch pipe to the “ Deodorizers,” which arc, in this case, 
at some distance from the faecal tank. 

The Deodorizers ” arc tlirec in number, — the first and largest having a 
surface area of nearly 200 square feet, and containing 5 feet 0 inches depth 
of rough charcoal ; tho second, with an area of about 70 square feet, contains 
2 feet G inches of charcoal of smaller size ; the last is a small box containing 
4 feet of tine charcoal, which is in this instance supplemented by layers of 
flannel and .fllter-oloth. It was stated, however, that cloth is not a neces- 
sary addition if the tanks arc specially constructed, in which case the last 
deodorizer is arranged for upward filtration. This completes the proces.s, tho 
effluent water being discharged into a small well, from whicli the samples 
were taken for analysis. 

The charcoal used at the time of the Committee’s inspection was wood- 
charcoal ; but it was stated that it Was proposed to use peat-charcoal. Tho 
practice is to remove the spent” charcoal from the last deodorizer to the 
second one, from tho second to the first, and from tho first deodorizer to the 
faocal tank. Samples were taken of charcoal from each deodorizer after various 
periods of service, and analyses of them and of unused charcoal arc appended. 

The flow of effluent water for tho period of twenty-four hours, during 
which continuous gaugings were taken, amounted to about 2000 gallons 
only, as against iiOOO gallons of sewage received into the liccal tank during 
(lie same period. Tho deposit removed from the tanks with the refuse of 
the establishment is utilized upon tlie ruriii belonging to the Union, which is 
cultivated entirely by the inmates. 

The following are the results of the analyses of the diflereiit samples of 
sewage, eflliicnt water, and charcoal; — 

Stokc-upon-Trent Union Workhouse Sewage, ^Messrs. Weare's Process, 
Samples taken September 1871. 


N.B, — Sanq)lcs taken every Lours during the day, in tlic proportion of xuVir 
flow per luiniite. llesult.s given iu parts per 100, (KK), 


Deaoription of 
sample j. 

^ Solid flatter. 

In solution. I- -f - 

1? isi 

il s i M hi 

O'" p.s; fl-' j .1 

Chlorine. 

Nitrogen. j 

1 

1 

i 

Remarks I 

: (h}^ Dr. Rusaell). I 

i 

1 

In solution. 

ed ■ -J 1 ^ c 

j 

c o S 

0 1 -.n .2 
'S 1 s'® 

g ioS 
' ' ® 5. 

1 .s 1 

M - B 

H 

Sewage from re- I 

I i 

i f 1 

1 

! 1 

j 

1 

1 

c<>ivt*r before treat- 1 

1 1 

1 ! 1 


i I 


1 

' 

meat i 

i6;r8o sroi) 

171 -10 W io] 

281 2 

2l0i;4*0li .. 

2.8*95 1 

9-5 5S-15 

1 

Sewage after mss- 1 

1 i 

\ 


1 ! 


1 


ing through “ iteeal 

1 1 



I 




tank illtera 


S 05 1 1*50 

141*1 

9-76;0*63 ... 

1 10-59 

1*2711-06 


Ellluent water alUn* 

85*70 |r)G‘r)0 j 

1 


1 

1 

j 


.uoRsiiig through 
- aeodoruing tanks 

6Sf0jM*10 

1 

U-20 

1 ‘ 

2*ir> jO*ea None 

i 

LlL'l 

[of sewage. 
Had strong wnell 


1872. 
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Analyses of Samples of Charcoal from Stoke Union Workhouse. 



In 100 jmrts. 


Water &c dried 
at 100^ C. 

Ammonia. 

Charcoal before use 

21*20 

0 0014 

Charcoal after five weeks’ use in No. 3 deodorizing 
tank, to be applied to No. 2 

3012 

0 0018 

Charcoal after two months’ use in No. 2 deodorizing 
tank, to be applied to No. 1 

5501 

0045 

Charcoal after five months’ use in No. 1, to be applied 
to ficcal tank 

54 12 

0-082 


With regard to tlie analyses, the Committee would observe, in the first 
place, that the sewage treated was excessively strong, containing no less 
than 38'45 2 )arts of nitrogen (in solution and snspension) in 100,000 parts of 
sewage ; this is accounted for by the very scanty watcr-su2>ply, from which 
it results that the amount of sewage is only ()‘j gallons per head in the 
twenty-four hours. 

Tlie general result of the process is that the f?uspcndcd mailers arc 
removed and the ammonia and organic nitrogen much reduced in quantity; 
no oxidation takes place, as no nitrates were found in the effluent water, 
which was to all intents and purj^oses a dilute sewage and had a strong 
jsmell of sewage.” 

It is remarkable that the chlorine is reduced to just about half its original 
amount ; and it is still more remarkable that this should take place almost 
entirely in the first or faecal tank : this reduction would seem to imply that 
a very considerable dilution must in some way take jdace ; and notwith- 
standing this wc find that there were only 2000 gallons of effluent water to 
^dOQ gallons of sewage in the twenty-four hours, indicating an unexplained 
escape of three fifths of the total amount, even supposing that there was 
no dilution. 

The amount of water absorbed by the charcoal, although, as indicated by 
the analyses, considerable, does not of course in any apiweciable degree 
account for such a loss; 

Section II. — Deodorhaflon of Sewage and precipitation of Solid Matter, and 
conversion of Solids into Cement, at Ealing. 

The district of the Local Board of Health of Ealing contains 1 222 acres, 
and is situated near the river Tliames, into which it drains, the sewer out- 
let being into a small watercourse about a mile from that river. The Board 
has executed a complete system of sewerage, ayd water-closets arc general 
in the district. The population is about 8000, and the ordinary or dry- 
weather quantity of sewage discharged 400,000 gallons daily. The first 
system for the deodorization of the sewage was that proposed by the Sur- 
veyor to the Board (Mr. J ones), and consisted in bringing the sewage to two 
ingeniously constructed depositing-taiiks, where it subsided, and the super- 
natant water was then passed upwards through 7 feet of filtering media, the 
solid deposit being mixed with ashes, dust, &c., and sold for manure. 

In 1868 and ]809 the Rivers Pollution • Commissioners made an exami- 
nation of this process; and they very carefully inquired into the varionisi 
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operations, and especially as to the construction, size, and action of the 
tanks. They had analyses made of tho sewage and effluent water, and com- 
pared the quantity of the sewage wnth the capacity of the filtering media, 
and in all respects fully investigated the matter ; and they came to tho con- 
clusion, which the analyses proved, that the process did not fulfil the condi- 
tions of purifying sewage, so as to render it fit to be discharged into running 
streams. They particularly remarked upon the amount of filtering media 
not being of sufficient bulk for the purpose. 

The following are the results of tho analyses as contained in the Report of 
the Rivers Pollution Commissioners : — 

Treatment of Ealing sewage by upward filtration. 

Rosulta of analyacs expressed in pnrfs per 100, (XX), and including 1>oth suspended and 

dissolved matters. 


1 ; 

; j 

j DcacriptliUi. j 
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--J 

£ 

a ' ^ 1 
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Total com- 
bined ni- 
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1 Sewage as delivered at works April "J-ltliJ 
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11.5*5 

i i 1 
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•0(X) 
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j Sewage flowing from last filWr April 24lh.| 

1 1 808 j 

7S 5 

' ! 

j 0 093 ’ ‘2*785 4 2:>0 

*076 

jo 301 


Since this inquiry a series of experiments has been conducted by Genera 
Scott with the sewage of the same place, which the Committee has consi- 
dered of sufficient promise to justify an inquiry into the results as far as they 
have hitherto gone. 

The principle of General Scott’s process is to arrest the flow of tho sewage 
by tanks, tho suspended matters being precipitated by means of lime and 
clay, which arc added to the sewage in the sewer previous to its arrival at 
the tanks, tho proportion of lime so added being about 10 cwt., and of clay 
5 cwt. to 400,000 gallons of sewage. After tho sludge has sufficiently accu- 
mulated in the tanks it is drawm off, placed in a kiln and burnt by intense 
heat, and thou ground into cement. 

The effluent water passes off very much clarified, and without any offen- 
sive smell at tho time of discharge. 

The burning of the deposited matter, with the mixture of the lime and clay, 
renders tho cement perfectly inodorous, and is one of the means by which 
tho difficult question of the disposal of the precipitated sludge from sewage 
may he solved ; and the method is one which may be adopted in cases where 
sewage cannot bo used for irrigation in its crude state. 

The chief points which ai'c insisted upon ia this case arc : — 

“ 1st. The more intimate mixture which can be brought out in the 
sewmge-water, owung to the impalpable nature of the precipitate of 
carbonate of lime which takes plac<^ on the addition of the lime, 

“ 2nd. Tho more rapid settlement of the sewage-precipitate than the 
“ mixture of chalk and clay. 

3rd. The amount of organic matters w^hich is carried dowm from the 
** sewage with the carbonate of lime and clay, and which serves fer 
the fuel to burn the mixture into lime or cement.’^ 

Tho amount of fuel which sludge will yield is stated to be so large that, in 

1.2 
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the absence of any better inode of getting rid of it, and in consequence of the 
loss which results from attempting to deal with it as a manure, it has oven 
been proposed to destroy it by burning. 

The Committee inspected the works at Ealing in September 1871. On 
that occasion it was found that General 8cotCs process was not in operation, 
although he was treating the sewage experimentally with deodorizers. It 
was decided therefore to test the existing system of treating sewage by up- 
ward duration ; and for this purpose it was arranged that General Scott 
should not apply deodorizers to the sewage during the sampling &:c. by 
the Committee. It appeared, however, that the Local Board kept a man at 
the upper end of the town mixing deodorizers with the sewage every day 
(except Sunday). The deodorizing-mixture was being added to the sewage 
at the rate of 20 gallons an hour, but its composition was not stated. 
Samples were taken on behalf of the Committee : — Ist, of the sewage as it 
entered the works ; 2nd, of tlie sewage after leaving the procipitating-tank ; 
3rd, after passing through tlio lirst filter ; 4th, after jja'^sing through the 
second filter. The samples wore taken six times during the day, the quan- 
tity taken being proportioned to the How at the time. Tt was further deemed 
advisable to ascertain the effect of the deodorizing-raixturo added by the 
Local Board ; and for this purpose arrangements were made that nothing 
should be added on a certain (lay, when samples of the sewago and of the 
effluent water at the outfall were obtained. The analyses of the six samples 
will be found below ; and it will bo seen that the results confirm the investi- 
gations of the llivers Pollution Commissioners, and tliat the process does not 
render tho sewage fit to be discharged into running streams. 

The next investigation by the Committee took place in March 1872, when 
the sewage works were wholly under General Scott’s control. On tliis occa- 
sion gaugings were taken which confirmed the previous statements of the 
daily discharge of sewago being about 400,000 gallons. T!ie samples were 
taken every two hours, in the proportion of - of the rate of flow. The 
gaugings and samplings extended over five days, and the anjilyses made for 
tho Committee by Dr. liusscll arc given below. 

A further inspection of the works was made last month (July) during 
very hot weather, when it was found that the process was proceeding with- 
out any nuisance whatever, although the depositing-tanks are clearly not of 
Buffleient capacity, a defect which it is intended to remedy. The effluent 
water, after leaving tho depositing-tanks, contains some suspended matter, 
and lias a scum on its surface which can only he got rid of by filtration. It 
is proposed to filter it with this view ; but the liquid will still contain the 
soluble organic impurities (see remarks on analyses), which can only he re- 
duced iu quantity by filtration through soil by means of irrigation, for which 
tho effluent water of Ealing is well adapted. 

The open ditch, before referred to, wliicli conveys the deodorized sewage 
from the outfall to the Thames, was carefully examined on this occasion, but 
not the slightest smell was detected ; the water has, however, a yellow tinge, 
from a slight precipitate which it deposits along the line of the ditcli. This 
is no doubt due tc) tlie insufficient capacity of the de 2 )ositing-tanks, the 
increase of whitdi will probably effect an improvement. 

One of tho difficulties attending the process as now conducted, is the dry- 
ing of tho precipitated sludge with sufficient rapidity. If this is done by 
heat, it is liable to cause a nuisance, being by far too slow in action even at 
Ealing, with only about 2 tons of sludge daily. It is j)roposed in this case to 
force the water out of the sludge by means of Needham and Kite’s hydraulic 
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press, which will at once render the solid matter nearly dry enough to bum 
into cement. 

On the whole this process, when perfected, promises well as a means of 
treating one of the difficulties of the sewago <]uestion — the dispof^al of the 
sludge precipitated from sewage. It appears not only possible to destroy 
the solid matters by fire, but also to secure some return from their use in 
the manufacture of cement. 


Bemarhs on the Ancihjm of ^eximje and Affluent Water from Ealing. 

Ealing sewago, upward-filtration process. Samples taken 5th and Gth Sep- 
tember, 1871. 

N.U. — Samples tiiken every two hours during the day, in the proportion of , of tha 
tlow per minute. Results given in parts per lOlj.OOO. 
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Etiling sewage, General 8cott’s process. Samples taken !^[arch 26th to 
April 5th, 1872. 


N.R.— S.-nnples tnlvcii every two hours during tlte day. in the proportion of j o^uo *dio 
flow per minute. Residl.s given in ]mrts per 10l),tXX). 
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From these analyses it will be seen that the upward-filtration process, 
whether accompanied or not by the previous addition of the deodorizing- 
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mixture, effected only a very slight purification of tlie'scwagc, which left in tho 
liltors still a sewage of average strength ; it was not even clarified. With 
regard to General Scott’s process, it would appear that by it tho suspended 
matters are precipitated very completely : as to the more important consti- 
tuents of the sewage, it is seen from tho analyses that tho effluent water 
contained yuthor more than two thirds of the chlorine, and three fourths of 
the dissolved nitrogen of the sewage ; but it must bo remarked that tho 
dissolved nitrogen appears in a different way in the effluent water and in 
tho sewage ; the actual ammonia is reduced to one quarter of its amount, 
while the organic nitrogen, doubtless from solution of some of the nitrogenous 
suspended matters, is nearly doubled in amount in the effluent water. Some 
oxidation, too, has taken place by which nitrates appear in tho solution. Such 
Water would be much too impure to be sent into a river, and too valuable to 
be wasted ; indeed it is not pretended that the process is capable of piirlfyintj 
the liquid sewage, its object is merely the separation and dcodorizatiou of 
the sludge (which, in the majority of cases, must necessarily bo removed before 
the sewage can be utilized), and its ultimate use as fuel in the manufacture 
of cement. 


Skutiox 111. 

A process known as Whitthread’s Patent ” having been brought under 
the notice of the Committee, has been investigated by a preliminary experi- 
ment on a sufficiently largo scale, although it is not at present in operation 
anywhere, tho supporters agreeing to pay the expense of tho necessary 
analyses. 

Tho process consists in the addition of a mixture of dicalcio and mono- 
calcic phosphate containing, it was stated, two equivalents of dicalcic to one of 
monocalcic phosphate (the latter being added as commercial superphosphate), 
and then afterwards a little milk of lime. In tho experiment referred to 100 
gallons of sewage, taken from the Ilomford sewer before it joins the tanks 
on Breton’s .Farm, were operated on, one pound of the mixture being stirred 
up in a little water, and added after the addition of a little milk of lime. 
Tho precipitation Avas very rapid, and tho supernatant water remained very 
nearly clear and (juito inottensive. 

Tho accompanying Table shoAvs the result of tho analyses of the raAV 
sewage, the supernatant water, and the precii3itate : — 
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Examination of the pi’ccipitatc after drying it at 100® C» 
Busults ill 100 parts. 


Ammonia 3*03 

Phosphoric acid (l\OJ 8*18 

Lime (CaO) 23*51 

Phosphate of alumina and iron 5*01 • 

Loss on ignition 32*8 (j 


licsiduum, insoluble in hydrochloric acid . . 14*54 

Wo liavq, said that tlie suspended mailers were in very small amount in 
the supernatant water ; tliis is evidently merely a question of time allowed for 
settling. It will bo seen that the amount of ammonia in solution is some- 
what greater in the efiluent water than in the sewage, doubtless from tlio 
decomposition of stnne of the soluble organic matter in solution; but the 
most remarkable thing is that the organic matter in solution was almost 
entirely removed in this experiment, so that while the sewage contained 0*90 
part of organic nitrogen in solution in 109,000 parts, the supernatant water 
only contained 0*02 part. It must, however, be distinctly understood that 
this is only a preliminary experiment, from which general conelusioiis must 
not bo too hastily drawn. The supernatant water contained a considerable 
quantity of phosphoric acid, viz. 5*53 parts in 100,000. 

The analysis of the precipitate shows it to contain a largo proportion of 
phosphate of lime; and its value is much enhanced by the three per cent, of 
ammonia which it also contains. 

The presence of phosphoric acid in the supernatant water would be of con- 
siderable advantage if this were afterwards us(‘d for irrigation, hut, unless 
means are devised for separating it, would const it ulc a serious loss if the 
water were thrown away. 

On the Avholo, then, this preliminary experiment shows that the process in 
question well deserves further and careful investigation. 

Section IY . — Adffitioiufl AVr on the Drij Earth 

In the last lloport tlu^ Committee gave tlie r<‘siilts which Dr. (iilbert had 
obtaiucd'from the analysis of soil which hud been used in an earth- closet 
either once or twi(*c. 

It appeared that, “ calculated upon the air-dried condition, the increase in 
the percentage of nitrogen was only about 0*15 each time the soil Avas used ; 
and, even after using twice, tlie soil was not richer than good garden -mould.^^ 

From two agreeing determinathms Dr. Gilbert noAv liiids that soil whi(*h 
has been used three times in the closet eoiitains, when dried at 100® C., only 
0-440 per cent, of nitrogen ; and du])licato determinations entirely conlirracd 
this result, so that we have the following series 
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So that the remark made by the Committee last year with regard to soil 
which had been used Uviec, “ that such a manure, even if disposed of free of 
charge, would bear carriage to a very short distances only/^ is applicable also 
to soil which has been used three times in the earth-closet* 
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S>]CTiox Y. — Seivage- Farms, 
a, Earlrwoob SinvAOE-FARX. 

It will 1)0 remembered that Uie Committee investigated the utilization of 
the sewage of liedhill, Surrey, at Earlswood Common, and reported the result 
at the last ‘Meeting of the British Association at Edinburgh. In this Ileport 
the extent and mode of laying out the land and applying the sewage were 
described, and analyses were given of samples of the sewage and effluent 
water taken by the Committee. The results of these analyses showed that 
the sewage, although very weak, was but very imperfectly purified by the 
process ; and that this was so, was attributed by the Committee chiefly to 
the absence of iiiidordrainage in the irrigated land, the analyses and various 
observations as to the temperatures of the samples pointing to the conedusion 
that the land had become saturated, and that the sewage simply flowed over 
it instead of percolating through it. 

The Committee lias again examined this farm, considering it desirable to 
ascertain and report any cliangc of circumstances connected with it. No 
sampling of the sewage or effluent water was made on this occasion, as it 
was found that the farm remained very much in the same condition as when 
last visited. 

Tlic outfall ditch, which receives the effluent sewage from the lowest beds, 
has been lowered 2 foot, so as to admit of subsoil-drainage over the whole 
farm ; but none has been executed, although the idea was at one time enter- 
tained, 

Tlio sewage is still passed through Latham’s patent extractor but the 
result is only to disengage a very small amount of solid matter, and it re- 
quires the attendance of one man daily. 

The land has been taken as a sewage-farm for the sewage of Bcigato as 
w^cll as that of llcdhill ; but the sewage from the former place is not yet 
conveyed to the farm, the sewer, which was in course of construction last 
year, being still incomplete. 

The flow of sewage and effluent water was found to bo about equal in 
quantity, viz. 250 gallons per minute. Looking at the results of the pre- 
sent system, with the sewage of llcdhill onl}*, the effect of adding that from 
llcigate cannot be expected to bo satisfactory, unless improvements are made 
in the mode of laying out the laud, and unless it is properly underdrained. 

The crops on the farm consist principally of r\ e-grass and oats, with a 
few mangolds. The rye-grass, of which three crops have been cut this year, 
is for the most part made into hay, there not being sufficient demand for it in 
the green state. It should ))e stated that on the occasion of this inspection 
the effluent water was running apparently clear and free from smell. 

h. TVxniiiDGn Wells Sewagi^-Farms. 

The Committee also deemed it desirable to inquire what had been done at 
these farms since the investigation last year. 

It will be remembered that the sewage of Tunbridge Wells, which is tole- 
rably concentrated, is conveyed by gravitation to two farms, one situated on 
the north, and the other on the south of the town. The farms were not 
uniformly underdrained, but some previously existing drainage was employed 
under a peculiar system to redistribute the effluent sewage-water. The dis- 
tribution was effected by the catchwater system, the sewage-sludge being 
previously allowed to subside in tanks constnictcd for the purpose. 
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' Analyses of the samples taken on the first inspection of tlio Committee 
sliowcd that the purification effected was, on the whole, unsatisfactory, espe- 
cially on the south farm. 

No samples were taken at the recent inspection of the farms, it being 
desired principally to ascertain their present working condition. On visits 
ing the north farm it was found that the sewage was running into the tanks 
at the rate of 280 gallons per minute. It was muddy, and smelt very 
strongly. The effluent water appeared to be running clear and free from 
smell, and the stream into which it is discharged was clearer than it was at 
the last inspection. Some additional catchwater-drains had been put in, 
and some defective subsoil-drains repaired ; but, as far as could be learned, no 
regular system of subsoil-drainage had been commenced. The crops on this 
farm consisted of meadow-grass, Italian lyo-grass, mangolds, oats, beans, and 
wheat, and were generally in excellent condition ; but the rye- grass is not so 
strong as it was last year, probably owing to this being the third year after 
sowing. There is plenty of demand for it at 1 . 9 . per rod green; and about 
1000 cubic yards of hay, of very good qualii-y, had been made from it this year. 
The other crops are described as very heavy. It was slated that a large field 
of turnips, being infested with the fly, was flooded with sewage, which drowned 
the fly and saved tlK3 crop, which is expected to turn out well, but rather 
late. The wheat was sewaged twice during the spring, and was a very fine 
crop, the Committee’s Inspector computing llio probable average yield at 
about seven quarters per acre. The whole farm was described as looking 
better and in a healthier state than last year. 

On the south farm the sewage was running into the tanks at tlic rate of 
440 gallons jier minute, and it smelt very offensively. The effluent water 
was very clear and free from smell. The cro]>s on this farm were also look- 
ing very well, but not generally so fine as tliose on the north farm. The 
rye-grass hero, as at the other farm, was not so strong as host year, from 
Mhich it would appear that three years is too long to grow and cut from the 
same roots. There wore about ten acres of wheat, four being on sewaged 
ground, and six manured with the sediment from the tanks, both looking 
equally well. Some hops which received sewage in tlie winter compared 
very favourably with others which are t<io liigh above the carriers to be 
sewaged, being stronger in the bine and of a darker green colour. A field 
of beans was noticed, one portion of the crop being very heavy and bonlthy- 
looking, and the other very poor and stunted. On inquiry it was ascertained 
tliat the Avholo field had been equally sewaged, hut that the portion wliore 
the crop was so good had been drained 4 fed deep during last winter, the 
other portion being left undrained. It scorns desirable to call attention to 
this circumstance, as affording further proof of the necessity (already insisted 
upon by the Committee in a previous Iloport) of subsoil- drainage in eon- 
]iexiori with sewage irrigation. It- was stated that there was a ready sale for 
the green crops produced on this farm. The rye- grass is appreciated by the 
local cow-feeders, who say that their cattle thrive well on it. Judging from 
tlie experience of these farms, it would also appear that sewage irrigation is, 
when properly managed, as well adapted for grain crops as for green crops ; 
but the quantity which can be applied to them being comparatively very 
small, the area for the distribution and application of the sewage must be 
greatly increased in proportion as corn crops are grown by its aid. 
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Section VI. — Mevthjr TijJjil Sewage-Farm at Troechjrhlw, 

In January last the attention of tlio Committee was directed to a system 
of purifying sewago by intermittent downward filtration which was then 
completed at Troedyrhiw, near Merthyr Tydfil, for dealing with the sewage 
of the latter place. 

In 1870 the present Hivcrs Pollution Commissioners, in their first Ileport, 
described some most important experiments which had been conducted in 
their laboratory by Dr. Edward Franldand, E.li.8., which satisfactorily proved 
that intermittent downward filtration (which is, in fact, irrigation confined to 
a small area), properly conducted, is a most efficient means of purifying 
sewage.” The various trials wdth different soils showed conclusively that 
town sewago might in this manner bo cleansed and rendered sufficiently 
innocuous for discharge into streams. The Commissioners stated that an 
acre of filtering material G feet dc'ep would so eloaiiso the sewage of 3300 
people ; but they expressed an o})inion that, wdiilst succc^ssful from a remedial 
point of view, the system would be very Avasteful, as not utilizing the valuable 
manurial properties of sewage ; and for this reason it was only to ho recom- 
mended for employment on a small scale, or Avhero circumstances rendered 
other processes difficult and expensive. 

In 1868, and again in 1809, injunctions were granted by the Court of 
Chancery to prevent the Local Hoard of Merthyr Tydfil from discharging the 
sewage of that toAvn into the river Taff. 

^ Merthyr Tydfil contains a population of 50,000; but. according to informa- 
tion supplied to the Committee, the excretal refuse of not more than two fifths 
of this number is discharged into the sewers, although the slops and other 
liquid refuse from a further like number (20,000) is stated to bo admitted. 
It is not surprising, therefore, that the sewago is, as afterwards appears, 
exceedingly weak. 

In 1870 the Local Hoard gave notice for the purchase of 3>03 acres of land 
in the valley of the Taff, upon which to dispose of the sewage. Of this 
quantity 70 to 80 acres Avero purchased behnv the village of TroedyrluAV, 
which is about three miles from ^Levthyr Tydtil; and it is her(' that an area 
of about 20 acres has, under the supervision of a moraher of the Committee, 
been converted into a filter-bed for the practice of the system of doAviiAA’ard fil- 
tration originated by the Kivers Tollution Commissioners, as above described. 

The soil of this area consists of a dee]> bed of graved (j)roba]jly the former 
bed of the river Taff, Avhich is embanked upon tho east side, and is raised 
above the valley), composed of rounded pebbles of the Old lied Sandstone and 
Coal-measure forrnations, interspersed with some loam and beds of sand, 
forming an extremely porous deposit, and having a vegetable mould on tho 
surface. 

The land has been pipe-drained at a depth of less than 7 fe('t, and tho 
pipes are concentrated at the loAAmst corner, where tho effluent water is dis- 
charged into an open drain, which leads to the river Taff at some distance 
doAvn tho valley. 

The area is laid out in square beds, intersected Avith roads and paths, along 
which arc constructed tho main carriers which receive the sewage from tho 
outfall sewer and distribute it over the beds. 

Tho sewage before entering the farm is screened through a bed of slag,” 
which arrests the coarser matters. It is applied to the land intermittently ; 
for the area being divided into four plots or beds, it is turned on each one 
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for six hours at a time, leaving an interval of eighteen hours fur rest and 
aeration of the soil. 

The surface of the land was cultivated to a depth of from IG to 18 inches, 
and laid up in ridges in order that the sewage might run down the furrows, 
while tlie ridges wore planted with cabbages and other vegetables. 

The Committee has adopted the same mode of investigation in this as in 
other cases, and the following is a description of their operations. 

It was thought advisable in this, as in other examinations of sewage-farms, 
that inspections should be made at two seasons of the year, — in winter, when 
the land is saturated with rain or frozen, and again in summer during dry 
weather, when there is the greatest activity in vegetable life. 

The first examination of the farm was made in January last, in very wet 
weather, when the system was in operation as above described. Samples, 
extending over a ptuiod of seven days, were collected of the sewage as it 
entered the farm, and of the effluent water from the outfall drain l)eforo de- 
scribed. Gaugings were taken of the flow of both the sewago and effluent 
water for eight days, Avith the following results : — 




Teraper&tnro, 


! 

1 

• AvtTH^i* flow per | 
mmuti*. 


Date. 

1 At noon. 

, 

A\erii£;<‘ 

tlunn{:» 

Kemark?. 


' Air. 

! 

Qrouiul SeTTU|;o 

1 _ 

ElUiuMit 

filter. 

8i*w n 

KlUiiont 

Muter. 



“K. 


o K. 

°F. 

gals. 

757 

gals. , 


Jan. 0 



40 

4(i 

1424 

Showery. 

10 

1 50 

io 

40 

4(» 

784 

lCi87 1 

1 Cunt in nous rain. 

11 

-ii) 

4S 

50 

47 

844 

]«;.■> 

Sliowory. 

12 

4S 

1 

4() 

IS.} 

4.J 

875 

1040 ; 

JJght rain day; liea>y ut 

1 night. 

10 

■ 40 

47 

47 

45} 

1110 

2,5.08 ' 

, Cuntmuou.s he.ny rain. 

14 

50 

40 

48 

4(> 

(i.’iO 

l.'(;0 : 

1 Fine. 

1 If) 

, 40 

08 

40 

: : 

720 

! 1424 

1 Misty. 

! IG 

' 37 

li 

30 

15 

i 1 

700 

! 

(Onh tno gauging'* taken ] 


l! 


1 Av('i\‘ 


807 

! i()00 



It will be seen that the (juantity of effluent Avater discliarged was more 
than double the (quantity of suAvago ; and as the rainfall, tliongh considoruhlc, 
could not possibly account for such an increase, it Avas felt necessary to look 
clseAvhere for its cause. It Avas ascertained from the Surveyor to the Local 
Hoard that tlie bed of the river Taff is 4 feet 7 inches above the bottom of the 
effluent drain ; and observation proved that Avhcu the Avator in the ri\Tr rose 
that of the drain rose also, and on the river-Avater subsiding the same thing 
occurred in the drain. From this it became evident that a filtering commu- 
nication exists between the river and the drains, the nature of tlio soil 
rendering this ATry probable. To further test the matter, trijil holes Averedug 
in a field adjoining, and to the north of the filtcriiig-bcds, Avhen it Avas found 
that the same thing occurred, the water collected in them rising ajid falling 
with that in the river. 

It should ho stated that some gaugings of the floAV of the sewage were taken 
in NoA'cmber 1871, by Mr. Harper, the SuvA'cyor to the Local Hoard, which, 
as will be seen, agree closely Avith those taken for the Committee. 
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1871. Nov. 14 and 15. Rain part of tho time. 

Greatest flow 1075 gallons per minute. 

Least ,, 7G8 „ „ „ 

Average flow for the two days . 925 ,, ,, „ 

1871. Nov. 30 and Dec. 1. Dry weather. 

Greatest flow 708 gallons per minute. 

Least j, 031 „ 

Average flow for the two days . , 728 ,, „ „ 

824,790 gallons per day is the summer dry-weather flow of the sewage from 
the whole of the district. 

The second examination was made hy the Committee in the early part of 
July last, when samples and gangings were taken tor a period extending over 
eight days. The samples were taken, as in the previous case, at the rale 
of part of the flow at the time of taking. Tho following are the 

results of the gaugings on tliis occasion : — 




Tompcratui‘ 0 . 

j 









A\orago flow per 
niiuutv*. 








Date. 1 

At noon. 

/wora^e 
during day. 

. . 



Eomnrks. 


Ail*. 

G round 

St* ntigt*. 

rfllnent 

\Nat(T. 

St'v.nge. 

Kfllucnt 
ati r. 


July ' 

OF. 

o F 

op. 

o F 

jSiih. 

gals. 


2. 1 

70 

03 

00 

5(> 

025 

7W 

1000 

Kuin early in inornin" 

3. 1 

70 

04 

(!() 

r,r, 

Jdno 

Dry. 

4. 1^ 

75 

73 

00 

55 

1 03»0 

1425 


5. ;| 

00 

70 

00 

56 

; 030 

1425 

' Dry. 

6 A.M. 

}08 

70 

- 

(w( 

I 0.30 

1425 

Dry till 11 A.M. 

(> I\M. 

«>;) 

i 2000 

2(>04 ^ 

Thunderstorm at 11 a.m. 

7. 

08 

04 

GO 

r,5 

j 40(M.) 

40(X) 

Rain in morning and all 






1 


previous night. 

8. ! 

08 

44 

i (‘.0 

1 55 . 

025 

l.S(X) 

Rliglit rain in morning. 

9. 

08 

j 50 

1 GO 

: 55 1 

780 

1700 ' 

Dry after 7 a.m. Slight 





i i 

1 


, rain previous night. 

1 

1 

i 

1 

Averago 

: 1318 

103(; 

i 

1 


The samples of sewage and effluent water taken were collected only during 
the dry portion of the above period, namely, the afternoon of tho 2nd July, 
all the 3rd, 4th, and 5th, the morning of the 6th, and the afternoons of the 
8th and 9th, when the rains could not be said to have had any effect on them, 
and they may he considered fair samples of the clry-wcather sewage and 
efiluent water. Selecting tho entirely dry days from the above, it would 
appear that the ordinary flow of dry- weather sewage may be stated as 650 
gallons per minute, and that of the effluent water at 1425 gallons per minute. 
Allowing one fourth of the sewage to be evaporated during dry weather, it 
would appear that the effluent sewage is diluted during dry weather with 
about twice its bulk of comparatively pure water from the river and other 
sources. 
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The thunderstorm which occurred on the 6th July afforded further proof 
of the connexion between the river-water and that of the effluent drain. 
On the morning following the storm the water in the river had risen 7 feet 
6 inches perpendicular, and on walking along the bank the Inspector found 
the river-water percolating through and flooding the ground 1^5 inches deep. 
The water in the effluent drain was 3 feet 0 inches deep, and was estimated 
to be running at the rate of 3500 to 4000 gallons per minute. 

The surface of the Altering areas was prepared for cultivation in the spring 
of 1871, and in Juno of that year cabbages were planted and mangolds sown ; 
and the crops were sold in the autumn, yielding very good prices. As soon 
as cleared they were replaced by others, some of which arc now in the ground, 
and some have been sold at high prices. 

The adjoining land at Troedyrhiw, belonging to tiic Local Board, has been 
cultivated as a sewage-farm proper with complete success, the crops grown 
being of a high class. The Board also intends to apply the sewage to the 
land before rckuTcd to in the valley of the Tail, but has reduced the quantity 
previously intended to be taken by 112 acres, since the success of the down- 
ward-Altration sj’stcm has been doinonstratod. It will of course bo under- 
stood that this latter system is in this case only iiitendcd to be used in 
coujimetion with tlic ordinary sewage-irrigation ; and, considered as a means 
for the disposal of the sewage, and especially of the night-sewage, there 
can bo little doubt of the success of this method. But wliether it would be 
equally favourable in other cases, when solely relied ou for the dispo.sui and 
purification of the sewage of other towns, and under all the different con- 
ditions as to soil, water, strength of sewage, Ac., is a sulqect upon which 
there may be considerable doubt, but which is, nevertheless, a proper one 
for further investigation. 

Thellivers Pollution Commissioners have recently presented another lleport 
to Parliament, in which tliey describe the o})erations at Troedyrhiw ; and they 
therein admit that the fears expressed in their first lleport, that the manurial 
properties of sewage would be entirely lost in this process, and that the 
treatment of the sewage of a large town by it would probably result in a 
nuisance, have not been borne out in this case. 

The Commissioners state : — “ Our analyses show that the effluent water 
entering the Tuff from tlie ^lerthyr iutermitteul filters was of even a more 
highly satisfactory degree of purity than the samples whicli wc examined 
resulting from the process carried out on a small scale in our laboratory ; but 
a comparison of the proportions of chlorine in the sewage and effluent 
water shows that the whole of the latter is not derived from the former. 
We find, in fact, that each gallon of the sewage, on June 19, 1871, had 
become mixed with 2*2 gallons of suhsoil-water, and that on October 20, 
1871, each gallon of sewage had become mixed with 1*9 gallon of subsoil- 
water. This result involves the assumption that the subsoil-water contained 
the same proportion of chlorine as that present in the water of the neigh- 
bouring Taff, wliieli, according to our analyses, lias 1*2 part of chlorine in 
100,000 parts.” 

It will be seen that this opinion of the Commissioners, founded upon 
chemical analysis, more than confirms the conclusion of this Committee, 
based upon the results of the gaugings taken, that the effluent sewage is 
diluted witli twice its bulk of comparatively pure water. 

The Commissioners consider, nevertheless, that the net result of the action 
of the soil .of tho intermittent filters upon the sewage was highly satisfactory, 
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attention being drawn at the same time to the exceptionally weak character 
of the sewage ; and bearing this in mind, they suggest that “ it may be neces- 
sary, in order to secure efficient purification, to lay out os intermittent filters 
even double the area of land per 10,000 of population that is employed at 
Merthyr Tydfil, where only from two to five acres per 10,000 people were 
being employed/’ 

The following are the analyses of the samples taken by the Committee : — 


Sewage-Farm at Merthyr Tydfil. Analyses taken 10th to 15th January, 1 872, 

N.B. — Samples tal^en every two hours during the clay, in the proportion of of 

the (low pei* minute. Results given in parts per 100,000. 



Sewage-Farm at Merthyr Tydfil. Analyses taken 2nd to 8t]i July, 1872. 

N.B. —Samples taken every tv^o hours during (he day, in tho proportion of yoJoo of 
the flow per minute. Results given in parts per 100,(.KK). 



With regard to the winter sewage, we see, from the decrease in the amount 
of chlorine in the effluent water, that in this ease each gallon of tho sewage 
had become mixed with 1-39 gallon of subsoil-water, containing *92 of 
chloriim in 100,000 parts; this shows a smaller amount of dilution than 
that stated by the llivcrs Pollution Commissioners, and so far agrees better 
with our gaugings as above recorded. It will be noticed that the Commis- 
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sioners considered the subsoil-water to contain as much chlorine as the 
water of the river Taff, whereas actual analysis of it shows it to contain only 
0*92 against 1*2 of chlorine in the river- water. Had wo taken the composi- 
tion of the river-water as given by the Commissioners, the dilution would 
liave appeared in tliis case to be 1*7 gallon of subsoil-water to 1 of sewage, 
instead of 1 -29 to 1. 

Now the total nitrogen in solution in 100,000 parts of sewage was 1*40, 
in the cftluont water O'o5, and in the subsoil-water 0*05 (see Table). 
Again, one volume of lliis sewage, mixed with 1*119 volume of this subsoil- 
■water, would give 2*39 volumes of water, containing exactly 0*G7 part of 
nitrogen in solution in llie 100,000 parts — that is to say, that the ajiparent 
diminution of the nitrogen in solution is, within a small fraction, entirely duo 
to dilution w’ith subsoil-water ; and the nitrogen retained in the soil is 0 (]ual 
to the amount in the suspended matters of the sewage, that is to say. rather 
more than a quarter of the total nitrogen. 

What is most important, however, is that, although all the nitrogen 
originally in solution is lost, it is almost all oxidized; for about of the 
nitrogen in the eilluent w'ater is in the form of innocuous nitrates and 
nitrites. 

In the summer the dilution with subsoil-whaler \vns, according to the 
gaiigiugs, (Mpial to about twice tlio volume of the sew'age. As the chlorine 
ill the' siibsoil-wal(‘r was n(4 determined in the siunmei’, W'e can only say that 
the smaller proportion of total nitrogcai in solution in the eiBuent W’ater 
seems to eon linn the results of the gaugiugs. 

The ciHueiit water this summer was not <piito so pure as last winter, but 
still four lifllis of its nitrogen was in the form of nitrates and nitrites. 

It is to bo n()t(*d that the sewage W’as cooled by its percolation through the 
soil, and especially so in summer. 

The g(Mi('ral results seem to bo that by the process the suspended matters 
are removed, and the ammonia and nitrogenous organic matteis in solution 
are almost completely oxidized, and escape in tlie clhiient water as nitrates 
and nitriles; so that tlio sewage is satisfactorily piiritiod, though the process 
cannot be looked upon as one of utilization. 


f^KCTioy YII, — Bi\ions Farm, near Fomford, 

It will be in the remembrance of tlie members of the Ilritish Association 
that the Committee has b(*cn conducting a series (►f obsorvjitions on the appli- 
cation of the sewage of the town of llomford to this farm, both as to the 
purification of the sewaige and its utilization as a maimie ; accordingly the 
observations and analyses recorded in previous years have been continued 
during the past year, and the results wdll be found in the accompanying 
Tables. 

The Committee have, howTver, extended their observations still further 
during the past year, and have supplemented them by the particulars of the 
crops which have been grown on the farm during the twelve months from 
March 25th, 1871, to March 21lh, 1872, both days inclusive. But to make 
this inquiry more couqdolo, and of greater practical utility, the Committee 
made an alteration in the form of the analysis of the scw’ngc and effluent 
water, so as to dolcrmine the total nitrogen. 

The observations which were made in relation to the crops gave the fol- 
lowing results 
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tons. 

The quantity of sewage from the town received on tlie farm from 
March ^5th, 1871, to March 24th, 1872, inclusive, is, according 


to the gaugings 410,787 

The quantity of effluent water returned from the land to the 

tanks and repumped, during the same period, is 52,4()G 

The quantity of sewage, dilute or otherwise, which we have to 

account for is therefore 409,253 

According to the cropping table the quantity of 
sewage applied to the cropped land (cliiell}’ by 
pumping, but also to a small amount by gravita- 
tion) during the aforesaid period is 380,227 tons. 

Mr. Gooch (the adjoining farmer) was supplied witli 4,131 
There was applied to the garden (which is not 

reckoned as part of the farm proper) 033 


Total quantity 385,201 tons utUlzeil. 


Leaving 83,002 tons, wliich quantity was run upon a plot of land at the 
lower part of the farm by gravitation and simply filtered, during periods 
when it could not be put on the farm, owing to further drainage-works 
being in progress. 

Prom Table 111. it appears that the 380,227 tons of sewage so used con- 
tained 21*0245 tons of nitrogen, and that the total amount of etHuent water 
running from the subsoil-drains during the twelve montlis, viz. 195,530 tons 
(of w'hich 52,400 tons were returned to the tank, and repumped with the 
sewage on to the land, and the remainder discharged into the river Horn), 
contained 2*2430 tons of nitrogen, or approximately one tenth part of that 
applied in the sewage. 

It mu.st, however, be remarked that the figures in the columns marked* are 
calculated from the results of the analyses of the sewage and effluent water 
during the corresponding period of the present year (1872), as the method 
of analysis employed before July 1871 did not give results in the same 
denomination as that now used. 

The total amounts of nitrogen in the sewage and effluent water respec- 
tively were calculated from the results of tlic analyses during the various 
periods ; and the absolute averages were, for the sewage 5*529 parts, and for 
the effluent water 1*147 part in the 100,000. 

In Table lY. will be found a detailed description of tlic crops, arranged 
according to the plots into which the farm is divided. Tlio figures in columns 
III., VII., X., and XI. arc as exact as possible, but those in columns VllL, 
IX., and XLI. are at the best only approximations. The figures in column 
YIII., from which those in columns IX. and XII. are deduced, profess to 
represent the quantities of sewage applied during the twelve months to llio 
several crops and plots ; but it is obvious that with the moans at the disposal 
of the Committee no precise measurements of these quantities could he ob- 
tained ; for to gauge the quantities of sewage applied at various times to 
twenty-four plots with separate subdivisions, each having its own conduit, 
would require a preliminary outlay in plant estimated at £500, and the con- 
stant services of four additional educated assistants at probably not less than 
;£250 a year each. The only way, therefore, that even approximate figures 
could be obtained for this column was by recording the number of acres to 
which the measured daily total quantity of sew^age was applied, and assuming 
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that it was equally distrihuted over those acres — an assumption which, 
although giving a fair average approximation in the totals, necessarily 
often gives fallacious results in the particular instances, because, while 
some portions of the land had been consolidated by previous dressings of 
sewage, other portions sewaged at the same time were loose and hollow from 
recent cultivation, and therefore absorbed very much greater quantities of 
sewage. 

Table V. gives a summary of the totals of Table lY., and in addition the 
approximate estimates of nitrogen corresponding to the approximate estimates 
of sewage, and also the amounts of nitrogen contained in the various crops, 
as calculated from proportions given by the best authorities. In all cases, 
however, the grand totals may be relied upon, as where they were not 
obtained by actual measurement they are (as, for instance,*in the case of the 
weights of crops) the ultimate results of a very large number of carefully 
obtained averages. 

Table VI. is also a summary of Table IV., but arranged according to the 
crojis instead of according to the plots. It will be at once seen, from the 
remarks already made, that the sejiarate total amounts of sewage, and there- 
fore of nitrogen, assigned to each crop are much less reliable than the cor- 
responding numbers for the plots ; but, as in the last case, the grand totals 
(which are, of course, identical with those in the corres2)onding columns of 
the ])revious Table) are either absolutely correct or very reliable. 

'Iho important result to be deduced from the grand totals in these Tables 
is, that of every 100 parts of nitrogen distributed over the farm during the 
twelve inontlis, 10-07 parts, or about one tenth, were found in the effluent 
water; 41*70, or approximately four tenths, were recovered in the crops, 
making togetlier about half ; and 47*57 parts, or in round numbers the 
other half, were unaccounted for. Of this half a portion must have remained 
in the soil ; and as tlie average composition of the soil previously to the 
application of the sewage was determined hy the Committee (see Second 
Report, to the Meeting at Liverpool), it is intended to determine the pro- 
portion of this unaccounted-for nitrogen which actually does remain in the 
soil at various depths. 

The Committee thinks it right to call attention prominently to the fact that 
the above proportions (representing the manner in which the nitrogen of the 
sewage was ultimately disposed of iu the ease of Breton’s Farm, during the 
twelve months to which the Tables refer) are, for the sewage and effluent 
water, as absolute and exact as accurate gauging and careful analysis can 
make them, and are, for the cro}>s, calculated by means of the most reliable 
published data ; tliey are, moreover, the final results obtained from a much 
greater number of continuously applied observations over a greater area, and 
with a much greater variety of crops, than have ever hitherto been scien- 
tifically made. 

The two main results of practical importance which, from the evidence of 
the observations, may he accepted as generally attainable are : — first, that less 
than eleven per cent, of the total nitrogen applied to the land escaped in the 
effluent water, and of that only a fractional percentage in an organic form ; 
and, secondly, that ui)wards of forty per cent, was actually recovered in the 
crops grown upon the land — a proportion which must be considered highly 
satisfactory (especially when the extreme porosity of the soil and limited area 
of the land are taken into account), as in the experiments of Messrs. Lawes 
and Gilbert only from forty to sixty per cent, of the nitrogen applied iu 
solid manures was recovered in the crops within the season of application. 
1872. M 
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Table h^Breton's 

Statement of Weekly Quantities of Sewage received on the Farm, of Sewage or 

Effluent Water escap- 

[Continued from 


Number of weekly 
return. 

Pate (inclusive). 

Average noonday 
temperature (air). 

Bainfall during 
week. 

Quantity of aewage 
delivered to tEe 
farm from the 
town. 

Average tempera- 
ture thereof. 

Quantity of effluent 
water flowing out 
of the drains. 


1871 . 

0 ^ 

in. 

galls. 


giUls. 

58. 

July 16 to July 22 

71 

1 

1,409,400 

64 

824,700 

59 - 

July 23 to July 29 

66 

0*56 

1,760,000 

63 

896,900 

60. 

July 30 to August 5 

60 

0*40 

0 

0 

vr. 

63*5 

634,600 

61. 

August 6 to August 12 ... 

77 


1,462,500 

66*5 

670,200 

62. 

August 13 to August 19 ... 

75 

0*85 

1,708,900 

67 

652,300 

63. 

August 20 to August 26 . . . 

695 

o'o; 

1,560,400 

67 

617,500 

64. 

August 27 to Sept. 2 

7^*5 


1,610,400 

66 

i 49 S» 7<^0 

65- 

Sept. 3 to Sept. 9 

68 

0*92 

1,752,400 

66*5 

631,100 

66. 

Sept. 10 to Sept. 16 

67-5 


1,514,500 

67 

801,100 

67. 

Sept. 17 to Sept. 23 

59 


1,696,700 

64 

71540 ^ 

6S. , 

Sept. 24 to Sept. 30 

53 

i 

3 * 5 ° 

2,620,500 

60 

818,200 

(partly computed) 

69. 

Oot. 1 to Oct. 7 

57 

i 

0-86 

2,134,100 

60 

1,178,000 
(partly computed) 

70. 

Oct. 8 to Oct. 14 

54*5 

0*01 

0 

0 

60 

1,275,900 

71 - 

Oct. 16 to Oct. 21 

5* 

0*47 

1,870,200 

60 

1,334,900 

?»• 

j 

Oct. 22 to Oct. 28 

53 

o*i8 

1,792,300 

59*5 

1,172,900 

73 - 

Oct. 29 to Not. 4 

49 

0*02 

1,738,700 

59 

1,172,700 

74 - 

Nor. 6 to Nov. 11 

43 

0*05 

1,556,800 

57 

915,900 

75 * 

Nov. 12 to Nov. 18 

39-5 

0*23 

1,488,400 

55*5 

0 

0 

76. 

Nov. 19 to Nov. 25 

36 

0*04 

1,492,100 

53 

716,100 I 

77 - 

Nov. 26 to Dec. 2 

39 

0*10 

1,575,000 

(computed) 

51*5 

519,500 ! 

78. 

Dec. 3 to Dec. 9 

3^*5 

0*02 

1, 305* 30^ 

50 

569,500 

79 - 

Dec. 10 to Dee. 16 

40 

0*0 1 

570)500 

49 

709,200 

80. 

Dec. 17 to Dec. 23 

43 

048 

1,643,600 

50 

833,300 

81. 

Dec. 24 to Dec. 30 

1871 . 1872 . 

45 ‘ 

0*46 

1,846,600 

49 

845,300 

82. 

Dec. 31 to January G 

44 

0-8 1 

2,069,200 

49 

963,400 

83. 

Jan. 7 to Jan. 13 

40*5 

o '57 

2,380,400 

49 

1,027,500 
(partly computed) 
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Sewage-Farm, 

Diluted Sewage pumped or flowing by gravitation on to the Land, and of 
ing from the Drains. 

last Report.] 


Average tempera- 
ture thereof. 


Average tempera- 
ture thereof. 

Proportion of ef- 
fluent water to 
sewage pumped. 

Sewage only. | 

Effluent water. 


Quantity of sewj 
or duuted s< 
age. pumped 
to tableland ( 
days per w» 
where not oth 
wise stated). 

Pumped. 

— 

Run on to bot- 
tom land by 
gravitation. 

Pumped. 

Run into river. 

Run on to bot- 
tom land by 
gravitation. 


galls. 

°F. 


galls. 

galls. 

galls. 

galls. 

galls. 

59 

1,791,400 

63 

•460 

1,409,400 

nil 

348,100 

476,600 

nil 

59 

2,050,900 

63 

*437 

1,760,000 

nil 

389,900 

507,000 

nil 

59 

1,983,100 

63-5 

•320 

1,549,600 

nil 

313,800 

320,800 

nil 

6o 

1,926,300 

65 

•348 

1,351,800 

1 10,700 

601,900 

68,300 

nil 

6a 

2,1 15,000 

66 

•308 

1,620,900 

88,000 

474,200 

178,100 

nil 

6i 

1,756,100 

65*5 

*351 

1,560,400 

nil 

195,700 

421,800 

nil 

6i 

1,481,500 

66 

•335 

1,034,200 

576,200 

435.300 

60,400 

nil 

6o*5 

1,705,700 

66 

•370 

00 

'b^ 

0 

0 

467,800 

445,200 

92,400 

93,500 

6i 

1,665,900 

66 

'481 

1 ,209,900 

304,600 

508,900 

238,400 

53,800 

6o 

1,872,000 

63 

•382 

1,432,900 

263,800 

643,100 

53,200 

19,100 

58 

1,025,900 
(5 days only) 

5* 

*797 

504,200 

2,1 16,300 

52,800 

541,500 

223,900 

57 

669,700 
(4 days only) 

59 

1759 

871,100 

1,263,000 

114,800 

838,200 

225,000 

55*5 

2,003,800 

58 

•636 

1,657,300 

nil 

312,300 

963,600 

nil 

55 

1,940,000 
(7 days) 

59 

•688 

1,804,500 

65,700 

318,000 

990,900 

26,000 

54*5 

2,220,200 
(7 days) 

58 

•573 

1,792,300 

nil 

267,200 

1,005,700 

nil 

53 

2,011,100 
(7 days) 

57 

•583 

1,688,500 

50,200 

252,200 

916,300 

4,200 

5 * 

1,794,100 

5 <^ 

•510 

1,556,800 

nil 

207,800 

708,100 

nil 

48 

1,545,000 

54 

'422 

1,408,400 

80,000 

1 50,000 

494,900 

6,800 

46 

1,211,400 
(5 days only) 

5 » 

•586 

893,800 

598,300 

110,300 

544,700 

61,100 

44 

nil 



nil 

1,575,000 

nil 

! 344 » 5 o«> 

1 

175,000 

44 

1,239,900 

48 

•419 

1,257,500 

47,800 

168,500 

1 

364,200 

36,800 

44 

1,608,500 

47'5 

•441 

L 53475 c*o 

36,000 

113,400 

j 595.80° 

nil 

44 

L947.300 

48 

•428 

1,643,600 

nil 

251,200 

j 582,100 

nil 

44 

1,682,700 
(7 days) 

48 

•502 

1,496,600 

350,000 

242,600 

1 551.400 

s 1.300 

44 

1,898,500 

47 

•507 

1,604,300 

464,900 

262,800 

634,600 

66,000 


1,550,700 

47 

1 

•663 

1,418,100 

962,300 

56,100 

818,900 

152,500 


H 2 
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Table I. 


Number of wee'kly 
return- 

Date (inclusive). 

Average noonday 

u 

3 

L 

Rainfall during 
week. 

Quantity of sewage 
delivered to the 
farm from the 
town. 

Average tempera- 
ture thereof. i 

1 

Quantity of effluent j 
water'floiMng out { 
of the drams. ; 


1872 . 

0 

F. 

in. 

galls. 

^ F. 

galls. 

84. 

Jan. 14 to Jan. 20 

40 


o'6i 

2,368,500 

49 

837,600 

(partly computed) 

85. 

Jan. 21 to Jan. 27 

44 

0-94 

2,341,900 

48-5 

989,200 

(partly computed) 

86. 

Jan. 28 to Feb. 3 

48 


0-03 

2,341,600 

49’5 

628,000 

(partly computed) 

87. 

Feb. 4 to Feb. 10 

50 

0*21 

2,229,800 

51-5 

725,900 

(partly computed) 

88, 

Feb. 11 to Feb. 17 

46-5 

0*07 

2,008,000 

51*5 

857,900 

(partly computed) 

89. 

Feb. 18 to Feb. 24 

49 


0*23 

1,907,600 

5^‘5 

1,107,000 

90. 

Feb. 25 to March 2 

50 

o*o8 

0 

0 

0 

5 ^ 

802,800 

(partly computed) 

91. 

March 3 to March 9 

54 

0*21 

1,992,100 

55 

821,100 

92. 

March 10 to March 10 

49 

0*02 

1,900,000 

(computed) 

5 ^ 

697,000 

(partly computed) 

93 - 

March 17 to March 23 

42 

0’55 

2,113,800 

53 

726,200 

94. 

March 24 to March 30 

48 

1*22 

2,500,000 

(computed) 

50*5 

700,000 

(computed) 

95 - 

March 31 to April 6 

51 

0*83 

2,350,000 
(partly computed) 

5 i 

700,000 

(computed) 

96. 

April 7 to April 13 

58-5 

0*04 

2,019,500 
(partly computed) 

54 ’S 

687,400 

97 - 

April 14 to April 20 

SA ’5 

0*01 

2,029,500 

54 

1,013,900 

98. 

April 21 to April 27 

56 

0*48 

2,041,700 

55 

1,429,600 

99 - 

April 28 to Maj 4 

60 

0*07 

1,878,200 

565 

1,773,200 

100. 

May 5 to May 11 

53 

0*68 

2,026,200 

57-5 

1,621,800 

lOI. 

May 12 to May 18 

5 ^ 

177 

2,762,700 

55’5 

1,429,400 

102. 

May 19 to May 25 

58 

0*04 

2,025,400 

56 

1,284,300 

103. 

May 26 to J une 1 

64 

0*10 

1,990,000 

58 

1,121,100 

104. 

June 2 to June 8 

58 

0*59 

1,875,100 

58 

1,408,400 

105, 

June 9 to June 15 

65-5 

0*29 

1,785,100 

59 

880,700 

106. 

June 16 to June 22 

74 

0*27 

1,475,000 

62*5 

1,231,300 

XO7. 

June 23 to Juno 29 

67 


2,003,500 

63 

914,800 

108. 

June 30 to July 6 

73 

0*09 

1,479,900 

64 

949,800 

109. 

July 7 to July 13 

72 

ro8 

1,618,300 

65*5 

1,242,900 
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...Jtiiud). 


a 

j Quantity of sewage, 
or diluted sew- 
age, pumped on 
to tableland (six 
days per week 
where not other- 
wise stated). 

Average tempera- 
ture thereof. 


Sewage only. 

Effluent water. 

Average tempe 
ture thereof 

Proportion of 
fluent water 
sewage pump 

Pumped. 

fil 

Pumped. 

Pun into river. 

Bun on to bot- 
tom land by 
gravitation. 

44 

galls. 

1, 1 15,100 
(5 days only) 

0 p 

46 

•751 

galls. 

1,052,400 

galls. 

1,316,100 

galls. 

nil 

galls. 

837,600 

galls. 

nil 


452,900 
(2 days only) 

46' 5 

2*184 

504,400 

00 

0 

0 

nil 

100,000 

889,200 

45 

'.353.500 

49 

■464 

1,346,000 

995,600 

nil 

472,700 

155.300 


1,596,000 

50-5 

■454 

1,505,400 

724,400 

nil 

, 

075,900 

50,000 


1,930,000 

50 

•445 

2,008,000 

nil 

161,100 

696,800 

nil 

45 

1,126,500 

50*5 

•521 

1,725,600 

182,000 

172,500 

915,100 

19,400 

45 

23,000 
(1 day only) 



nil 

1,875,000 

592,800 

nil 

210,000 

47 

1,790,900 

53'5 

■458 

1,642,100 

350,000 

173700 

597,200 

50,200 

46 

nil 



nd 

1,900,000 

nil 

447,000 

250,000 

46 

1,990,100 

5 * 

•365 

0 

0 

00 

0 

00^ 

310,000 

p 

0 

0 

478,700 

27,200 


44,700 
( I day only) 



95,000 

2,405,000 

10,500 

450,000 

239,500 


1 19,700 
(i day only) 



nil 

2,350,000 

nil 

450,000 

250,000 

48 

793,900 
(4 days only) 

54 

•866 

1,019,500 

990,000 

71.300 

495,000 

121,100 

49 

2,258,700 

53 

■449 

2,029,500 

ml 

229,200 

784700 

nil 

49 

2,281,500 

54 

•627 

2,041,700 

nil 

207,300 

1,222,300 

nil 

5 o'S 

2,247,000 

56 

•789 

1,878,200 

nil 

328,900 

1,444,300 

nil 

5^ 

2,185,400 

56 

74 ^ 

2,026,200 

nil 

215,300 

1,406,500 

nil 

51 

2,778,200 

54 

■515 

2,485,900 

276,800 

272,100 

1,132,300 

25,000 

52 

0 

0 

00 

56 

■734 

i» 5537 oo 

471,700 

1 59,000 

1,055,300 

70,000 

53 

2,052,400 

59 

•546 

1,990,000 

nil 

198,300 

922,800 

nil 

54 

2,253,200 

57-5 

•625 

1,875,100 

nil 

326,400 

1,082,000 

nil 

54-5 

1,789,200 

59 

•492 

1,515,700 

269,400 

222,900 

626,700 i 

31,100 

S6 

2,399,100 

6vs 

• 5'3 

1,475,000 

nil 

974,700 

00 

8 

71,400 

58 

2,088,300 

62 

•438 

1,911,100 

92,400 

175,900 

738,900 

nil 

59 

1,400,000 
(5 days only) 

63 

•678 

1,118,000 

0 

0 

295,100 

611,900 

41,800 

59 

2,394,100 

1 64 

■ 5'9 

1,441,700 

0 

0 

752,900 

473,000 

17,000 



number. 
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Table II. — Breton^s 


Statement showing results of analyses for Nitrogen in Sewage as 

Kesults given in 





Sewage at 

pumped. 



Nitrogen. 

In solution. 




As am- 
monia. 

As 

^ nitrates 

Organic. and 
nitrites. 

Total. 

In sus- 
pension. 

Total in 
solution 
and sus- 
pension. 

1871 . 






July 10 to July 15 



4‘33 

riS 

5-48 

July 24 to July 29 



3-80 

o’ 4 S 

4-25 

August 7 to August 12 

2*93 

1*64 

4’57 

0*87 

5*44 

August 21 to August 26 

rsS 

0*65 

3 ’a 3 

0-99 

4*22 

September 4 to September 9 ... 

2*70 

o'SZ 

3'»3 

2-53 

576 

September 18 to September 25 ... 

184 

J‘ 4 > 

3’25 

no 

4 ' 3 S 

October 2 to October 7 

212 

050 

262 

295 

5-57 

October 16 to October 21 

243 

1 06 

349 

1-50 . 

4*99 

October 30 to November 4 

1-66 

I’iS 

3 - 8 1 

2-47 

6*28 

November 13 to November 18 . . . 

2*98 

2*28 

526 

1*46 

672 

1872 . 






January 1 to January 8 

2*17 

1*24 »•••■• 

3*41 

264 

605 

January 22 to January 27 

315 


442 

2*20 

662 

January 29 to February 3 

2-51 

067 ...... 

3-18 

336 

6-54 

March 10 to March 23 

4*54 

I 0*88 ...... 

5-42 

1-14 

6-56 

April 9 to April 13 

3-416 

0*30 

37 ^ 

2-67 

6-39 

May 13 to May 18 

I *96 

1*50 


0*91 

4-03 

June 10 to June 15 

I *88 

i 

00 

b 

^75 

1*27 

4*02 
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Sewage-Farm, 

pumped and Effluent Drainage-water from July 1871 to June 1872. 

parts per 100,000. 

. Effluent draina^e'Watcr. 

Nitfoifei). 


As am- 
monia. 


As nitrates 
and 

nitrites. 


Total in 
solution 
and stts- 
penaion. | 


C 0026 

D o 004 

B o 027 

C 0-083 

I) 0*007 


0*019 i 0*25 

0*100* 1 0*29 


0*49 

trace 


C 0*020 


C 0*012 

D 0*011 


Average three drains . 0*045 

Average three drains 0*1 1 1 

Average three drains 0*165 

No samples taken. 

Average three drains 0*023 

Average three drains o*i 38 

Average three drains 0*055 

Average five drains 0*044 

Average five drains 0*054 




♦ Strong smell of sewage. 
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Table III. — Breton's Sewage-Farm, 

Statement showing the Monthly Quantities of Sewage distributed and Nitro- 
gen contained therein, and of Effluent Water discharged and Nitrogen 
contained therein, for the period from March 25, 1871, to March 24, 1872. 



Sewage (or diluted sewage) 
pumped. 

Effluent water. 

Bates (inclusive). 

Quantity. 

Nitrogen 
per 100,000 
tons. 

Total 

Nitrogen. 

Quantity. 

Nitrogen 
per 100,000 
tons. 

Total 

Nitro- 

gen. 

1871. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

March 25 to April 24 ... 

24,059 

648 

1-5590 

15,404 

176 

*2711 

April 25 to May 24 

37 .» 54 - 

5*21 

*‘9357 

18,092 

1*21 

*2189 

May 25 to June 24 

39 ) 0*7 

4*03 

1-5724 

•6.335 

•76 

•1241 

June 25 to July 24 

31,809 

5*35 

1-7018 

* 6 ) 3*9 

1-33 

-2170 

July 25 to August 24 ... 

39,862 

463 

1*8456 

13,604 

1-28 

•1741 

August 25 to Sept, 24 ... 

37 ) 4^4 

478 

1-7889 

12 , 93 * 

I 13 

*1461 

Sept. 25 to Oct. 24 j 

37.684 

5*30 

1*9973 

22,578 

1-30 

'^935 

Oct. 25 to Nov. 24 

34.985 

6*50 

2-2740 

(partly 

computed) 

18,194 

0-58 

-1055 

Nov. 25 to Dec. 24 

*1.954 

6-38 

1*4007 

*2,649 

0*39 

-0493 

Bee. 25 to Jan. 24 (1872) 

28,231 

6*35 

1-7926 

(partly 

computed) 

18,444 

0*56 

•1033 

1872. 

Jan. 25 to Feb. 24 

31,168 

658 

2-0509 

(partly 

computed) 

16,732 

*78 

•2978 

Feb. 25 to March 24 

16,880 

6*55 

11056 

14,254 

1*70 

•2423 


380,227 

1 

average 

5 ' 5^9 

21*0245 

•95.536 

average 

I -147 

2*2430 


The proportion of nitrogen escaping in the effluent water to the total 
quantity applied is therefore •! 067, or about 
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Tho succeeding Tables, Nos. lY. to VI., show the relations between the 
amount and composition of the Sewage applied to the land during the twelve 
months under review (the amount given as applied to eacli plot being neces- 
sarily, at the best, only an approximation) — the amount of the various Crops, 
as estimated from the weight of average samples, and their composition as far 
as it could bo ascertained from tho most reliable data, viz. tables furnished 
by Messrs. Lawes and Gilbert, and those published in the Second lleport of 
the SeAVage of Towns’ Commission — and the amount and composition of tho 
effluent Avater. 

Tables Y. and YI. also sliow the amount of nitrogen unaccounted for, 
which either remains in the soil or has partly drained aAvay into deep subsoil- 
Avaters. 




N 
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REPORT — 1872 . 


Table IY. — Breton's 


Statement showing Sewage applied and Crops grown 


' Description. 

I. 

II. 

HI. 

IV. V. 

1 

VI. 

riot. 

No. of bcch 
(inclusive). 

Con- 

tents. 

Crop. 

Date wlien sown or 
jdanted. 

Date when cut or 
gat lie rod. 

A 

>» 

M 

»> 

I to 29 

M 5 > 

1 to 18 

19 „ 20 

21 „ 26 

27 >1 29 

I „ 29 

acres. 

9*8 

57 

o ’8 

27 

I'O 

9-8 

Cabbages and greens 
Caulitlower and broc- 
coli-plants. 

Ravoys 

Oct. 1870 

April 1871 

Aiiiy. 

IMay to Aug. 1871 1 
July 1871 J 

Feb.andMarcln872 

Oct. 1871 



Cabl)n<»’e.s 

June ,, ......... 


( 'aulitlowcrs and vege- 
table marrows 

Fallow 

»» )» 

Aug. to Oct. 1871 .. 





Total A 

All. 

98 







J 5 

j> 

M 

1 

I to 20 1 

21 „ 26 

9 )) 26 

I „ 8 

9*5 

26 

8’25 

3'*7 

j 

Italian rye-grass 

Potatoes 

1 part tSept. „ 1 
! part March 1871 j 
Mardi 1871 

April to Oct. 1 87 1... 

Oct, 1871 

Cabbai^es 

Get. „ 


Italian rye-gra.ss 

r part Sept. 1870 | 

1 part Mar. 1871 J 


Totals 


I 2 ‘I 1 

i 

1 



i 

.1 .. . 

. 

c 

)> 

All. 

ff 

2-0 j 
2*0 

Cabbages 

June 1871 

'Oct. 1871 

Fallow 





Total C 

All. 

2*0 







D 

All. 

6-9 

6-9 

Potatoes 

April 1871 ......... 

July to Sept. 1871 .. 
Dec. to March 1872 

Hardy greens 

Sept. „ 

Total B 

All. 

6’9 








* Tho figures ii\ colutntis marked tlnt^ I*) are to be considered 
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Sewage-Farm, 

from March 25, 1871, to March 24, 1872. 


Approximate estimate of 

Prodnoft 



sewage applied. 





yii. 

VITI. 

IX. 

X, 

XI. 

XII. 

Remarks. 

No. of 





Sewage 

a})plied 


dress- 

Total. 

Per acre. 

Total. 

Per acre. 

per ton of 


mgs. 

* 

* ! 



produeo. 

♦ 



tons. 

tons. 1 

tons. 

tons. 

tons. 

( One quarter onlv of tins crop wa.s 




f 354-66 

i 3 36 

1 36'53 


sold. It reeened four dressings of 

4 

®.433 

656 

17-9 

J sewage pr‘‘v ions to Marc-li igfi, be- 
’ ing aiiout the same quantity as 
here stated. Ttie small plants 
eonqnited to weigh 1 oz. each. 



7 

I 3,720 

2.407 

93-48 

16-39 

146-7 

This crop, witli tlie cxecption of 1*7 






ton, was consumed by cattle on the 
farm. 


I 

356 

444 

,5-48 

19-35 

23-0 

Plants comimted to weigh ^ oz. each. 

6 

4,212 

>, 83 , 

52-21 

22*70 

‘0 

oc 


7 

•.941 

9.563 

1,94^ 

6-53 

6'53 

297*4 

Tliis sewage was .applied to the fallow, 






])ee. 1871 to Feb. 1872. 


36,226 

3,697 

525’72 

53-60 

68-9 






i 


j 1 This grass rcecircd n large quantity 


39,012 

4,106 

451-20 

47’5 

864 

; \ of sewage (nearly as much as is here 
, [ staled) pi-evious to March 25th, 1871. 

2 

1.033 

397 

5’*5 

1-98 

200'0 

iThis crop received no more sewage, and 

2 

8,577 

1,050 










i was ero})ped May and June 1872. 

I 

1,108 

286 




1 r There was no cutting of this grass 

1 \ jn-evious to Mareli 25tli, 1872. 

• •• 

49,730 

4,110 

456 35 

; 37*7 

1 io 8'9 

jThere was a standing croji of cabbage 



i 

1 

i 

1 at the end of the year. 

... 

5,062 

2 . 53 * 

j 68-31 

34’ *5 

! 74 '* 

1 

1 

' - 

20,328 

1 10,164 

! Applied Nov. 1S71 to March 5th, 1872. 

1 

25,390 

12,695 

68-31 

34*1 5 

' 37*7 

It will be seen that the greater part of 



1 

1 this sewage went on the fallow*. Only 

1 cultivated four months. 


' 

1 

4 

! 7,703“ 

! 1,116 ■ 

1 23-40 

i 3*40 

! 329-2 

1 

4 

1 11.502 

‘ 1,667 

1 61-24 

1 8-88 

1 187-8 

1 


19,205’ 

2,783 

1 84-64 

! 12-27 

j 226-9 

' 1 

1 


★ 

i * 


i 

! * 

1 

,1 J 


only as approximations, for reasons stated in the Report. 

N 2 
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REPORT— 1873. 


Tabie IV. 



* 


Description. 

1 

1. 

11. 

III. 

IV. 

V. 

VI. 

i 1 

pi A No. of beds 
! (inclusive). 

Con- 

tents. 

1 

Crop. 

j 

Date when sown or 
planted. 

Date when cut or 
gathered. 

i 

E 

u 

M 

»» 

I to 6 

7 

8 to II 

12 and 13 

14 to 22 

1 » 13 

acres. 

17 

0-3 

ri 

0*5 

2*2 

3-6 

Onions 

Savoys ' 

f Hardy greens 

\ Savoy-plants 

f Cabbages 

\ Cabbage-plant.s . . , 

Strawberries 

April 1871 

Sept. „ 

j Sept. ,, 

jjHly 

Autumn 1870 

i 

Oct. 1871 ! 

March 1872 

1 

t 

i 

n j> ' 

1 

Oct. (0 Dec. 1871 ... ^ 

.Inly 1871 ' 

Fallow 






Total E 


5-3 


1 




i 

F 

I to 3 

O' 64 

Potatoes 

Marcli 1871 


» 

4 ;» H 

2'33 

Cabbages 

Oct. 1870 

May to Aug. 1871 .. 

It 

15 » 1^ 

0-85 

j Carrots 

March 1871 

Aiig lo Oct. J, 

tf 

» » 3 

o '64 

Cabbages 

Sept. ,, 

Maveli 1872 

It 

4 » H 

2*33 

Eard^ greens and 

July and Aug. 1871 

Sept. 1871 to Feb. 




caulifloWer.s. 


1872. 

u 



Fallow 





1 





Total F 


3*82 





i 





The fig\ufe.s in columns marked thus (») arc to be coiuidercd 
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(conthiKed), 


Approximate osliinate of 
sewage applied. 

1 

Produce. 



VIL 

VIII. 

IX. 

X. 

XI. 

Xll. 

Remarks. 

No. of 
dress- 
ings. 

Total. 

• 

Per acre. 

Total. 

Per acre. 

Sewage 
applied 
per tt;n of 
})roduce. 
* 


9 

tons. 

5,690 

tons. 

jj47 

tons. 

26*83 

tons. 

1578 

tuns. 

212*1 


9 

985 

3283 

4’53 

15*10 

217*4 


10 

4,110 

3736 

f 24 ^9 

1 4 H 

1 

j 25-94 

144*0 

r About one tenth only of the greens 

1 was bnnolicd for market. The rc- 
1 maining nine tenths were comsumed 
( by cattle on tlie farm. 

6 

'.643 

3286 

[ ii'i 5 

1 5'20 

1 32*90 

100*0 

r One half only of the cabbages was 
\ sold; tlic remainder ploughed in. 

2 

742 

337 




The strawberries received 279 tons of 
sewage j^rcAitais to March 1871. The 
jdants remain in the ground. The 
yield was tliirty punnets only. 


6,670 

1853 




Applied Dee. 1871 to March 1872. 


19,840 

3421 

76-34 i 

j 

I 3*i6 

259*9 ' 


3 

397 

620 

i 

1 

I7I 

267 

232*0 


8 

3-304 

1418 

98*64 ' 

42*33 

33*5 

Three quarters of tin’s crop wa.s ploughed 
in, thiTC being no sale for it. 

4 to 5 

1,3^8 

* 55 ' 

10*45 ; 

1229 

126*1 ! 

1 


2 

559 

] 

873 

^•75 : 

10*54 

j 

82*8 Qno half of this crop was ploughed in, 

1 there being no sale for it 

2 to 4 

2,532 

1087 

24*20 

1 

10-39 

64*6 


... 

2,218 




... 


Applied Nov*. 1871 to Feb. 1872. 


10,328 

2704 

*4175 

37-11 

72-8 



* 

* 



* 



only u approximation*, for reawns stated in the Beport, 
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EBPORT — 1873. 


Table IV. 


Description. 


II. 


III. 


IV. 


V. 


VI. 


Plot. 


|No. of beds] 
(inclusive). 


Con- 

tents. 


Crop. 


Date when sown or 
planted. 


Date when cut or 
gathered. 


0 


2 and 3 
17 


10 and II 
4 to 9 
12 to 13 

H 

15 and 16 

19 

20 to 22 


3. 20, 

21 and 22 
I and 2 
4 to 9 

10 and II 
12 

13 and 14 

IS „ 16 
3 & 1 7 to 20 


acres. 

0-47 

0*23 

0-23 

0'23 

0-47 

r4i 

0-47 

0‘24 

0-47 

0‘24 

071 


ri8 

0- 47 

1- 41 

0-47 

0-23 

0-47 

0*47 

i '64 


Cabbages 
Parsley . . . . 


Brussels sprouts . 


Beans . 
Onions . 
Carrots . 
Clover . 


Oct. 1870 .. 
April 1871 


March 1871 


May to July 1871 .. 


May 


Sept. 1871 

M M 

Aug. „ 


Cauliflowers. 
Lettuce.. 


July to Sept. 1871 . 
Aug. 1871 


Cauliflowers . 
Spinach .... 


July „ 

April and May 1871 


Cauliflowers 

Hardy greens 
Onions 


Cabbages 

Savoys 

Hardy greens 


Spinach.. 
Fallow .. 


Total 0 


5*^7 


July 1871 

Sept. „ 
Aug. „ 

Sept. „ 

Oct. 

Aug. „ . 


Oct. 

May and June 1871 


Aug. to Oct. 1871 . 
March 1872 


March 1872 

M >> 

Jan. 1872 ... 


H 


I to 24 
I „ 24 


6*4 

6*4 


Onions ... 
Cabbages . 


March 1871 July to Oct. 1871... 

^ept. „ 


Total 11 


6-4 


I to 3 

4 » 9 


18 

3 


4 9 

10 ,, 18 


Total I 


I’ll 

2 27 

rii 

2’27 

3'^9 


Potatoes 

Cabbage 


Carrots 

Hardy greens 


Ditto and cauliflowers 
Cabbages 


6-67 


March 1871 . 
Oct. 1870 .... 


March 1871 . 
Sept. „ . 


July and Aug. 1871 
Sept, and Oct. „ 


Sept. 1871 

May to Aug. 1871 . 

Sept. 1871 


Sept. 1871 to Feb. 
1872. 


* The figures in columns marked thus (») are to be considered 
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[continued). 


Approximate estimate of 
sewage applied. 

Produce, * 



VII. 

VIII. 

IX. 

X. 

XI. 

XTI. 

Remarks. 

No. of 
dress- 
ings. 

Total. 

in 

Per acre. 

>tc 

Total. 

Per acre. 

Sewage 
applied 
[)crton of 
jiroduce. 

m 



ton.s. 

tons. 

tons. 

tons. 

tons. 


5 

759 

1615 

4-29 

9**3 

176-9 

This crop wa.s jdoughed in. Quantity 
not aveertained. 

1 

109 

474 

2 

163 

709 

6*00 

26-10 

27-2 

Part of the plants ^^as transplanted ; 
the remainder was pulled for cattle. 

3 

211 

9*7 

0*27 

ri9 

781-0 


5 

928 

1974 

10-65 

22*67 

87-1 



4,050 

2872 

()-22 

4-41 

6511 

This crop was cut only once, and then 
ploughed in. 

1 

162 

345 

413 

9'oo 

38-3 

6 

526 

2192 

0-56 

1*34 

939-3 

Only one quarter of this crop was sold;' 
the remaiiuler consumed by cattle. | 

5 

983 

2092 

0-30 

0 64 

3277-0 

5 

443 

1845 

0*56 

134 

79*0 

1 

One third of this crop was sold; the' 
remainder consumed by cattle on 
farm. 1 

5 

1,263 

>779 

>•*3 

1-73 

13180 

4 

1.477 

2099 

2-24 

1-90 

1 104-0 

j 

5 

926 

1970 

2-13 

4-53 

... 

434 '* 

; 1 

Tin** crop remained in the ground till 
May 1872. ! 

I 

8 c 2 

569 

5 

1,126 

2396 

4 ' 30 

9-17 

261-6 

( * i 

6 

590 

2565 

3-69 

16-05 i 

*59-9 

1 

.This crop received no more sewage, and 
j was gal hered ^klay 1872. j 

6 

1 1,109 

2360 

I 

1 247 

515 

ro 2 

1*60 

329-3 

1 

1 

1 5^*98 

3170 


1 

'.Vpplied from Oetober to February. j 

... 

1 22,072 

4269 

47 69 

' 9*7 

1 462 8 

i i 

610 71 

14.01 •; 

2190 

136-47 

21 32 

‘ 102-7 

1 . ; 

jabout 2 

1 6,387 

1 

998 



rbis (M-oji reeeivoil no more sewage, and] 
1 eommenecd cutting April 1872. 

... 

20,402 

j 3*S8 

1 136-47 

21-32 

149-4 

iStanding crop at the end of the year. 

2 

708 

638 

3 ' 4 * 

. 307 

207 6 

jonly one quarter of this crop was sold , 

1 tlio remainder ploughed in. 

10 

5.714 

2521 

iio-io 

1 43-50 

52-0 

8 

7.044 

2141 

47-03 

14-30 

149-8 

1 Diis crop reerived no more sewage, and 
1 was gathered in the summer of 1872. 

4 

.. 75 * 

1584 

1 

! 


7 

4,612 

2032 

27-31 

1 1 2-04 

168-9 


2 

2,691 

818 


1 

1 


■This crop received no more sewage, and 
1 was gathered April 1872. 

... 

1 11.537 

! 3379 

: — : 

; 187-85 

! 28-16 

1 120-0 
> ♦ 

^Standing crop at the cud of the year. 


pnly as njiproxiinations, for reasons elated in the Report, 
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REPORT — 1872. 


Tabie IV. 





Peseription 



I. 

IL 

HI. 

IV. 

V. 

VI. 

Plot 

N'o. of beds 
(inclusive.) 

Con- 

tents. 

Crop. 

Date when sown or 
planted. 

Pate when cut or 
gathered. 

K 

All. 

acres. 

4*40 


Nov. 1870 

June to Aug. 1871 .. 



» 


3-66 

Hardy greens 

Sept. 1871 

March 1872 

Total K 


average 

4‘03 








M 

All. 

356 

3*^7 


March 1871 

Aug. to Oct. 1871... , 


Oct. 

)> 




i 

Total M 

1 

, average 

1 









N 

I to 4 and 
9 to i6 

3*12 

' r^abbage 

i Oct. 1870 

May to July iSyi', . 



}> 

I to 6 and 
9 to i6 

7 and 8 

2'63 

0*52 

Hardy gveem and 
caiiliflower.s. 

Prorcf^H . . 

1 May to July 1871 .. 

Jidv 1871 

Nov, and Dec. 1871 

>> 

1 Pallow 



” 






Total N 


4-15 








0 

All. 

5*92 

Italian ryc-grass 

Sept. 1870 

1 April to July 1871.. ; 



5-92 

Cabbages 

July 1871 

1 Feb. 1872 

5 ) 

tf 




Total 0 


5*92 








P 

Part. 

1-45 

I -6 
0*45 

Potatoes 

April 1871 

Sopt. 1871 


if 

Beans (scarlet) 

Savoys 

May „ 

June 1871 

Aug. to Oct. 1871.,. 
Oct. 1871 

V 

AIL 

Fallow 



3‘5 





Total P 


3*5 







. 


* The figures in columns marked thus (*) are to bo considered 
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(eontinued). 


! 

Approximate csliinato of 
eewage applied. 

Produce. 1 



VII. 

VIII. 

IX. 

X. 

xr. i 

1 

xir. 

Remarks, 

No. of 
dress- 
ings. 

Total. 

* 

Per acre. 

* 

Total. 

1 

! 

Per aerej 

Sewage 
uj, plied 
per ton of 
produce. 



lous. 

tons. 

tons. 

tons. 

tons. 


10 

10,300 

2341 

i 

192*37 

4372 

53 -^ ! 

Only one (piarlcr of this crop was 
Fold ; llic reniainder iih.ughcd m. Itj 
received 2636 lou'^ ol .M‘\\ago betwccni 
>ov. 1870 and ^rari'li 1871. | 

6 

8,876 

K» 

-i- 

45-00 

12-30 

197*2 

Only one tenlli uf tins crop was sold; 
the remainder ph.uglied in. ! 

; 

19,176 

4758 

237*37 

58-90 

808 

1 

The aercapo of this jilot has been altered. 

' 5 to 6 

7 j 559 

2123 

57-18 

16*05 

132-2 

This crop rei*ei\ed more .sewage, and vra.s 
gathered Ma) and Juno 1872. 

1 ^ 

4.394 

1386 


i "• 

i ».953 

3557 

57 'iS 

17-01 

209*0 

Standing ero)) at the end of the year 
Tlu‘ aere.ipo of this plot has beem 
altoreil. j 

about 8 

1 

j 

6,798 

2179 

i66'8i 

53’46 

40*7 

One quarter only of tin’s crop was sold ; 

1 the remainder ploughed in. The, 

I crop reec^^ed 3718 tons of eew’age 

1 ]>re>ioiiF to March 25, 1871. 

about 6 

9.683 

2738 

; 55‘53 

: 15*30 

174*3 

! 

i 

2,194 

4219 


j 

) 

iTliis crop received no more sewage, and 

1 was gathered Apiil 1S72. 

1 

1 

i 3 'S 43 



i * 

1 •• •• 

lApplied Dee. 1871 to March 1872. 

‘ . . 1 

1 

32,218 

7763 

i 222*34 

53'57 

' 144-9 

j 1 

10 

9.936 

1678 

117-18 

19*80 

848 

This crop ivi-eived nearly 10,000 tons of 
j sewage prcMOUs to March 25, 1871. 

5 

9.599 

1621 

14103 

25*82 

i 

j 68-1 

j 

Oiih lialf this crop was sold: the re- 
1 maindcr eousumed by cattle on the 
} farm. ! 


19.535 

3299 

1 258-21 

! 43*62 

1 75'6 

: I 

4 

1.235 

852 

1*875 

;i 1 29 

660-4 

1 

1 

8 

4.096 

2560 

1*45 

1 0-90 

2824-9 

1 

One third of this crop was sold ; two 
tliirds eon.simiod by cattle on the! 
farm. 

5 

1,074 

2387 

20 34 

45*21 

52-8 


9,249 

2643 





Applied Od. 1871 to Feb. 1872. 1 

... 

.S.«S 4 

* 

4473 

♦ 

23665 

; 6*76 

1 

1 



only as approximations, for reasons stated in the Beport, 
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report— 187J^. 


Table IY. 


Dcsciption. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Plot, 

No. of beds 
(inclusive). 

Con- 

tents. 

Crop. 

Date when sown or 
planted. 

Date when cut or 
gathered. 

Q 

» 

»* 

Part. 

II 

II 

II 

acres. 

0*43 

0*21 

075 

0’2I 

Mangold 

Beet -root 

Hardy greens 

Carrots 

April 1871 

Mav ,1 

Aug. „ 

Mav „ 

Nov. 1871 1 

Oct. to Nov. 1871... 

Dec. 1871 1 

Nov. ,, 1 

Total Q 


i-6o 








B 

II 

•I 

1 to 7 

8 „ 20 
» II 7 

o‘9o 

1-62 

•90 

Oats 

Parsnips 

Hardy greens 

April 1871 

Sept. „ 

Aug. 1871 ; 

Dec 

Dec. 1871 and Jan. ' 
1872. i 

Total R 


2-52 

i 

i 


1 

! 

S 

Part. 

0*33 

Cabbages ; July 1871 

1 

Oct. 1871 : 

T 

i» 

All. 

II 

o ’34 

O ’ 34 

Pot<\toes ' April 1871 

Cabbages | Sept. „ 

Sc))t. 1871 i 

March 1872 

Total T 


o ’34 








U 

II 

II 

Part. 

II 

All. 

2-03 

o'5o 

2’53 

Hardy green plants.. 

Peas 

Sprouting broccoli ... 

April 1871 

*l>«1y „ . 

Oct. „ 

Aug. and Sept 1871 j 
Sept. 1871 i 

Total U 


a 53 


i i 



! 1 

V 

It 

II 

II 

II 

Part. 

II 

II 

II 

fi 

1- 36 
0-36 

0*50 

026 

2- 00 ^ 

Mangold 

C’aulillowers 

White broccoli . . . 

Cabbages 

Cabbages 

Fallow 

IMav 1871 

J line „ 

I» 11 

May „ 

Oct. „ 

Nov. 1871 1 

Aug. 1871 to Jan. I 
1872. 

Nov. and Dec. 1871 

.. 

Total V 


4-48 






W 

II 

Part. 

All. 

I’O 

3*0 

Hardy green plants.. ! April 1871 ’ Aug. and Se])t. 1871 , 

Fallow ! ' 1 


Total W 


3-0 i 

i i 


! i 

X 

All. 

3-86 Savo 3'8 1 Aug. 1871 

! i 

! Jan. to March 1872 

Y 

1 

All. 

1 

56 

Hay 

Permanent grass ... 

Permanent grass ... 


♦ Tlio figures ia columns marked thus (#) are to bo considered 
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(continued). 


Approximate estimate of 
sewage applied. 

Produce. 


Bemarks. 

VII. 

VIII. 

IX. 

X. 

XI. 

XTI. 

•Sewage 
aiiplied 
p<‘r ton of 
prod lice. 1 

* 

No. of 
dress- 
ings. 

7 

5 

S 

3 

Total. 

♦ 

Per acre. 

* 

Total. 

Per acre. 

tons. 

>.595 

1,207 

>,871 

881 

tons. 

3709 

5748 

2495 

4195 

tons. 

7*45 

2*10 

3*03 

075 

tons. 

> 7*33 

10*00 

4-04 

3*57 

tons. ! 
214*1 ; 
574*8 
6i6*9 
» 74-7 


... 

5.554 

3471 

i 3'33 

8 33 

416*7 


X 

450 

500 

t3*oo 

3*33 

150*0 

fTliLs weight includes straw 2*25 tons. 

4 

2,328 

>437 

12-50 

7-71 

186 2 


3 

2,066 

2296 

374; 4-25 

497*2 



4.844 

1922 

19-24 

7-63 

25.7 


I 

70 

21 1 

265 

8-05 

264 


nil 

nil 


2-10 

6-18 




.. 

.. 


0-96 

2*82 



V These crops rcecivcd no sewage. 

... 

nil 



3 06 

9 CO 


No se\Mige applied. 

nil 

nil 


17-86 

S80 


Th(‘-e plants rt'ccnctl no sewage, and 







«ere replanted on the farm. ! 

; 3 

655 

1310 

•0-87 

> 74 

■ 7529 

! 

i *7 

5.797 

2292 




This cro]> received no more sewage, and 

i 






was gathered April 1872, yielding 

1 

1 






13-40 tons. j 


1 6,452 

; 2550 

1873 

7-40 

344'4 

! 

4 

1,873 

! 1429 

1 22 So 

16-76 

82*1 

1 1 

S 

1,812 

5033 

; 0 1)0 

1 

2-50 

2013*5 

i ! 

S 

2,J26 

4252 




[This crop received no more sewage, and 







was gathered April 1872, yielding 






i 

2-91 Ions. 

7 

832 

3200 

i 3-73 

>4*37 

, 222*7 


I 

2,053 

1027 

I 

1 




Tins crop commenced cutting May 1872. 

l _ 

1,850 


! 



Aitplunl Jan. 1872. 


10,546 

j 2354 

! 27-43 

6 12 

j 384*4 

1 i 

1 1 

3 

55^ 

! 55= 

! 8-92 8-92 

1 61*9 

The^e plants transplanted to other parts 




1 


1 i 

of the farm, 1 


j 8,345 

1 1782 



1 1 

1 


8,897 

; 2966 

8-9* 

2-98 

i 997'5 

1 

7 

2.773 


75 9 

19 66 

1 3^‘5 

Only OIK* tenth of this crop was sold;; 



1 

1 

1 

! 

1 

1 

the remainder carted to cattle. 1 

Ubt. 12 

! 16,8*5 

3004 

j 21*3 

3-8 

789*9 

The grass remains. | 

1 

1 ♦ 

★ 

j 


* 

i 


only us ajjproximatioiis, for reasons slated in the Keport. 
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REPORT — 1872, 


Table Y, -^Bretons 

Summary for the Year ending March 24, 1872, showing the Nitrogen applied 


Description. 


Approximate estimate of 
sewage applied. 


Plot, Contents. 


Onions, savo} s, hardy greens, {vibbago, and 
strawberries 


Cabbage, brussels 8prout«j, beans, onions, 
carrots, clover, cauliflowers, letbice, 
spinach, and hardy greens 


f Potatoes, cabbage, carrots, hardy green-s, 
and cauliflowers 


f Cabbage, hardy greens, cauliflowers, and 

I broccoli 


2*53 Hardy green plants and pea.s 


3 ’86 Savoys . 


Total. 

1 

Per acre. 

Total. 

1 acre. 

, 1 

* 1 ^ 

P<‘i’ ton 
of ))ro- 
diu-c. 

* 

tons. 

tons. 

tons. 1 tons. 

tons. 

5 ^ 57 ^ 

53'64 

36,2261 3,697 

69 

' 45675 

37*71 

4973^1 4 <iio 

109 

68-31 

34*15 

25,390 12,695 

372 

84.-64 

12-27 

19,2051 2,783 

1 

227 

1 7674 

13-16 

I 

19,840 3,421 

260 

s 14175 

37 'H 

10,328^ 2,704 

i 

73 

j 47'69 

9'23 

22,072' 4,269 

463 

... 13647 

21-32 

20,402! 3,188 

*49 

} 187*85 

28-16 

22,537 3779 

120 

i 

•• ^ 37*37 

58 90 

1 

19.176 4,758 

81 

■■ 57 'i* * 

17-01 

* 1.953 3-557 

209 

} ^22-34 

1 53’57 

32,218 7,763 

j 

*45 

258-21 

43*62 

19-535 3799 

; 76 

...1 23-665 

; 676 

*5.654 4473 

662 

13*33 

; 8-33 

5.554 3 . 47 * 

4*7 

... 19-24 

i 7-63 

i 4.844^ 1,922 

' 252 

•••! ^'65 

1 8-05 

70 211 

1 26 

306 

9-00 

nil nil 

1 

! nil 

1 

... i8'73 

7-40 

6,452j 2,550 

3-14 

... 27-43 

6-12 

1 10,546 2,354 

384 

8-92 

2-98 

1 8,897 2,966 

997 

■ 75 ’ 9 o 

19-66 

2,773 7*8 

37 

'} *'' 3 ° 

3*80 

16,825 3,004 

790 

2714-445 

26-13 

i 380,227! 3,660 

-L - L .. . 

1 140 





1 


The figures in columns marked thus (») are to bo considered only as approxinuitmr.f 
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kivage-Fam, 

0 tho Land during that period, and its relation to the Produce of the Farm. 


«A])]^iroximaie estimate of nitrof'cn. I 


i 

Quantity applied. } 

•9 1 

S P 1 

DiffiTcnc<‘ (in soil, 
crops, &c.). 

Calculated to be m | 
crops. j 

i i 

2 ’ c 3 ' 

•3 « S'? 

1 t 

H ' Ph 

Not accounted for (m soil, 
and drained away). 

t 

I , 

. 0 if 

1 1 

Per cen 

b. 

Is 

§2 

i! 

* 

1 

1 1 

. 1 

. 1 

C 1 

§ ! 

t 

; 

.. 1 

i| 

s ^ 1 

1 

5 « 1 

§ V 

1 

t 

B ‘ 
° 1 

1 

ki 

^ 1 
* 

1 

*0 j j 

II 1 

u t 

fC 

♦ i 

S' ' 

a 

M 

c ^ , 
3 i; 

' 

l* 

M 

« 1 

lbs. 

lbs. ; 

lbs. 

lbs. 1 

lbs. 

lbs. 

lbs. , 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 1 

lbs. 




4,486 

458; 

8-5 

479', 

4,007 

409 

7-6 1 

2,944 300 

56 

1,063 

108 1 

2*0 

66 

IX 

23 1 


S° 9 | 

*3-5 

657! 

5,502 

455 

12*1 1 

5.487 453 

12“0 

*5 

1 ' 

j 


89 

II 

... ' 

3^145 

* 572 ; 

461 

335 

2,810 

*405 

41* , 

383 

192 

5-6 

2.427 

12*3 > 

35*5 

12 

11 

77 ! 

2.379 

345 

282 

254 

2, *25 

308 

25** I 

474 ' 

69 

5-6 

1,651 ^ 

139 i 

* 9*5 

20 

II 

69 ' 

1.457 

424', 

1 

31-2 

i6i| 

1..95 

378 

28*8 1 

410 

7 * 

5*4 

'.785 : 

308 

23*4 

.7 

It 

! 

1,279 

335' 

1 

9*0 

*36 

*.*43 

199 

80 

782 205 

5*5 

361 ' 

95 

2*5 

61 

II 

28 

2.734 

1 

5291 

57*4 

292 

! 

2,442 

472 


294 

57 

6 2 

2.148 

416 

45*0 

n 

1 

n 

78 

1,527 

395' 

1 

186 

270 

2,257 

353 

,6,1 

671 

105 

4*9 

1.585 

248 

11-6 

26 

II 

63 

2,791 

419 

* 4*9 

298 

2,494 

374 

* 3*3 

999 

*50 

' 5*3 

*.495 

224 , 

8-0 

, 36 

11 

53 

2.375 

590 ; 

10*0 

153' 

2,122 

526 

89 

*.330 

33 * 

56 

792 

196 

3*3 

1 56 

** 

33 

1,480 

440 

25*9 


1,322 

394 

23'I 

282 

84 

4*9 

1.C40 

310 

i8-2 

! 

It 

70 

3.990 

! 961 

1 I 

17-9 

1 ( 

1 426 

3 .S «4 

* 859 

' i6'o . 

( ! 

*.245 

3C0 

' 5*6 

2,319 

559 

10*4 

3* 

II 

1 

58 

2,420 

1 

9’4 

158 

2,161 

i 365 

1 8 ' 4 ; 

1 

2,206 

373 

. ^'5 




91 

II 


*.939 

554 | 

8r9 

' 207^ 

*,732 

! 495 

' 73*2 

*57 

4 S 

: 66 

>.575 

450 

66'6 

8 

II 

81 

689 

431; 

5*7 

! 

616 

385 

46-2 

74 

46 

■ 5-6 

541 

339 

407 

12 

11 

78 

600 

238' 

31-2 

i 64j 

536 

' 213 

1 

27*9 

*47 

58 

7*7 

389 

'54 

20’2 

24 

11 

65 

9 

j ^ 7 , 

3‘5 

i *i 

8 

1 24 

3 ^ 

*5 

45 

5-6 

... 


... 

167 

II 

... 




j- i 


1 


17 

50 

56 



... 




00 

0 

0 

i 3*6 

1 ] 

427 

85! 

7*5 

1 282 

38-2 

166 

65 

8-9 

i 549 

217, 

29*3 

21 

1 II 

63 

1.306 

■ 19. 

j 47*5 

1 1 

1 .39: 

*,167 

! 260 

42 6 ' 

.54 

34 

5*6 

1,013 

1 226 

37-0 

! ** 

II 

, 78 

1,102 

367' 

*235 

US' 

984 

' 32S 

, I io'3 j 

50 

*7 

5 6 

934 

j 3 ** 

104-7 

1 ^ 

n 

, 85 

343 

89 

4-5 

j '' 

306 

! 

, 4*0 i 

425 

no 

, 

i *** i 


... 

1*24 

1 

11 


2,084 

371 

978 

1 

1 222' 

1 

! 1 

1,862 

j 332 

' 87*6 j 

1 954 

170 

448 

' 908 

1 

162 , 

i 

42 6 

! 46 

1 

II 

1 

' 43 

0 

j 453 

• 7’35 5014' 41.071 

1 1 

405 

15-50 19,667 189 

7-2; 22.404 

' 1 

216 

8-3 

42 

1 II 

47 


(for ivapona slated in the Keporl), Autli Die oxfptioii of tlio grand (olab. 
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Table VI . — Bretons 

Summary of Crops gathered duriug the period from March 25, 1871, to 

Sewage applied 

[N.B. — The Sewage here stated is only that applied during the above period. In 


Crop. 

Total 
acreage of 
each 

description 
of crop. 

Produce of each crop. 

Sewage ap- 
tho 

Total. 

Per acre. 

Total. 

♦ 


Italian rye-grass 

Hay (meadow) 

Clover 

Cabbage 

Hardy greens 

Savoys 

Brussels sprouts 

Broccoli (crop in ground at end | 
of year) J 

Spinach 

Lettuce 

Cauliflowers 

Parsley (crop ploughed in. *1 
Quantity not ascertained ... f 

Beans 

Peas 

Carrots 

Parsnips 

Beet-root 

Mangold 

Onions 

Potatoes 

Oats 

Strawberries (yield of straw-") 
berries very small, quantity V 
not stated) J 

Mixed crops— cauliflowers and| 
vegetable marrows J 

Hardy greens and cauliflowers ... 
Fallow land 

Total 

acres. 

15-42 

5-60 

‘47 

59x6 

18-39 

10-54 

•23 

3'55 

ri8 

•47 

2*02 

*23 

1-83 

•50 

576 

I'Sz 

*21 

1-79 

13*54 

13*04 

•90 

2*20 

1*00 

8-23 

tons. 

568-38 

21-30 

4*23 

1242-10 

i66-2I 

2 C 2 *i 8 

6*00 

2*25 

•30 

4-26 

1- 72 

•87 

64-45 

12-50 

2- 10 

30-25 

23**13 

37*645 

3*00 

653 

107-04 

tons. 

36-97 

3*80 

9'co 

21-03 

9*04 

19*18 

2609 

1- 91 

•64 

2*10 

*94 

1*74 

11*19 

7-71 

10-00 

16-90 

17x7 

2- 88 

3‘33 

6-53 

13-01 

tons. 

50,056 

16,825 

162 

80,879 

32,770 

19,142 

163 

10,117 

I, 510 

983 

5.258 

109 

4»307 

655 

n.293 

2,328 

1,207 

3468 

28,994 

II, 076 

450 

74 ^ 

1,942 

16,827 

76,964 


1714-445 

... 

380,227 







The figures in columns marked thus (*) arc to b© considered only as 
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Sewage-Farm. 

March 24, 1872, showing the quantity of each kind of Produce and the 
thereto. 

some cases, therefore, it does not represent the total quantity applied to the Crops.] 


plied to 
crops. 

Sewage 
applied 
per ton 
of pro- 
duce. 

Nitrogen. 


Per acre. 

♦ 

Quantity 
applied in ' 
sewage. 

♦ 

(Quantity 
escaping 
in etiluent 
water. 

♦ 

Quantity estimated in 
crops. 

Per cent. i Tot al. 

1 

Not ac- 
counted 
for (in soil, 
&c.). 

m 


tons. 

tons. 

\bi. 

lbs. 

i 

lbs. 

lbs. 


3246 

8ri 

6,200 

661 

0*54 

6,875 

... 


3004 

789*9 

2,084 

111 

2*00 

954 

908 


345 

383 

20 

2 

0*65 

62 

... 


1369 

65*1 

10,017 

1069 

0*25 

6.955 

1.993 


1782 

197*2 

4,059 

433 

0*25 

930 

2,696 


1816 

964*2 

i. 37 l 1 

253 

0*25 

1,132 

986 


709 

27*2 

20 

z 

0*25 

34 

... 


2850 

... 

1,253 

*34 



7,119 


1280 

671*1 

187 

20 

0*25 

12 

155 


2092 

3277*0 

122 

13 

0*25 

2 

107 


2603 

1234*2 

652 

69 

0*25 

H 

559 


474 

... 

13 

1 

... 

... 

12 


^353 

2504*1 

533 

SI 

I 'CO 

39 

437 


1310 

752*9 

81 

9 

3*40 

66 

6 


2308 

206 2 

i 1,646 

*76 

0*20 

2S9 

1 


1437 

i86’2 

2S8 

3 * 

0*22 

62 

>95 


5 ' 4 « 

574 '* 

I *49 

16 

0*25 

12 

121 


>937 

114-5 

1 43 * 

46 

0*25 

169 

216 


2141 

125-4 

3 > 59 * 

383 

0*22 

1. 139 

2,069 


*49 

294-2 

1,372 

• 346 

0*25 

21Z 

1,015 






r Oats 2*co, 1 

64 



500 

150*0 

57 

6 

\ straw 0 60 / 



337 

... 

92 

10 

... 

... 

82 


1942 

297*4 

241 

26 

0*25 

36 

*79 


2045 

I 57 *i 

2,084 

222 

0*25 

600 

1,262 


... 

... 

9 > 53 i 

1017 

... 

... 

*-S >5 


... 

140*1 

1 47,095 

5024 


} 19.667 

11,404 


Per cent. 

1 100 

1067 

... 

41-76 

47‘57 


approximations (for reasons stated in the Report), with the exception of the grand totals, 
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Interim Report of the Committee appointed for the purpose of making 
experiments on instruments for Measuring the Speed of Ships and 
Currents by means of the difference of height of two columns of liquid, 
— the Committee consisting of Prof. W. J. Macquorn Hankine, 
C. W. Merrifield, F.ll.S.^ Mr. F. J. BramwelL; and Mr. Alfred 
E. Fletcher (Secretary). 

Your Committeo have to report that, owing to the busincss-cngagcmcnis of 
the Members, it has been found impossible to hold a meeting at a sufficiently 
early date to enable a systematic plan of operations to be agreed to and acted 
upon, and also that a inoposcd experimental trip in a yacht has been un- 
avoidably postponed. Ao expense lias been incurred, and no part of the 
grant of XSO has been drawn. 

Your Committee recommend that they should bo reappointed, and that the 
sum of .£30 should again be placed at their disposal. 


Report on the Rainfall of the British Isles, by a Committee, consisting 
of Charles Brooke, F.R»S, [Chairman), J. F. Bateman, C.E., 
RR.S., J. Glaisiier, FJtS., 1C W. .Mvlxe, C,E,, FJIS., Prof. 
J. Phillips, F.R.S., T. IIawksley, C.E., Prof. J. Adams, 
F.R.S., Prof. J. J. Sylvester, FJi.S., C. T(lmlinson, F.R.S., 
R. Field, C,E,, Dr. Pole, C.E., FJi.S., Prof. i). T. Ansted, 
F.R.S., A. Buchan, FM.S.E., and G. J. Symons, Secretary. 

Your Committee have the pleasure of la^porting that every branch of rainfall 
work continues in efficient working order, and that, notwithstanding the very 
limited funds at our disposal aud the long illness of our Secretary during tlio 
winter, all arrears have been overtaken, and, owing to the completeness of 
the organization, no hitch or interruption occiiired. 

At the Meeting of the British Association in hdiuburgh, very strong repre- 
sentations wore made to your Committee respecting the desirability of es- 
tablishing additional rain-gauge stations iii different parts of the Highlands ; 
and as your Committee had long been aware of the necessity wliich existed 
for these stations, and, moreover, as somewhat larger funds than usual were 
at their disiiosal, they resol wd on taking every means in their power to secure 
the efficient establishment of these stations. In ad<Utiou to ordinary cor- 
respondence, our Secretary took two special ste])s to secure the most i)roinis- 
ing possible distribution of the new gauges. In the first place he wrote to 
Mr. Buchan, the Secretary to the Scottish Meteorological Society, ac^juaint- 
iiig him with the assent of the Committee, and re(|uesting him to state what 
number of gauges he could provide good ohsorvers for. On receipt of his 
reply ten gauges were sent to him, which he was kind enough to distribute 
as follows : — 


1. Springfield, Tain, Ross. 

2. Kilmalcolm, Port Glasgow. 

3. Arroebar, Loch Long. 

4. Strahanc, Brodick, Arran. 

5. Struthfillan, PoTtlishire. 


0. Sannox, Arran. 

7. Ivilchoinan, Islay. 

S. Port Charlotte, Islay. 

1). Port Ellen, Islay, 

10. (Bonbarn Abbey, Mull of Cantire, 
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Tho otlior stop was to send the following letter to the Secretary of the High- 
land Kailway Company, whoso line, as is probably generally known, traverses 
much of the most thinly inhabited part of Scotland ; — 

“ 62 Camden Square, 
December 7th, 1871. 

British Rainfall, 

‘‘Dear Sir, — A t the Meeting of the British Association hold at Edinburgh 
last August, it was resolved that steps be taken to obtain observations of the 
fall of rain in those parts of Scotland in which they have not hitherto been 
made ; a grant of money was voted for the construction of the instruments, 
and I was directed to take such steps as might seem best calculated to secure 
regular and trustworthy observations. As an indication tliai this application 
is for no mere crotclict, 1 may mention that the Jloard of Nortliern Light- 
houses are already assisting all round the coast, and llie Scottish Meteorolo- 
gical Society, tlio Marquis of Jlreadalbane, and others inland. After all our 
efforts, however, the route traversed by your line is very ])oorly sup])licd with 
observers ; and 1 have therefore to ask whether 3 "ou would eooj)erale in the 
matter by instructing certain of your station-masters to make tlie nece.^sarj’ 
observations and forward the results monthl 3 \ The gauges are similar to 
(but smaller than) those used by the station-masters on the Manchester, 
Sheffield, and Lincolnshire Kailway ; they are extremely sim])le, and the ob- 
servations (which may be made any time between 8..‘h) and B.oO a.m.) only 
occupy about two minutes : 1 should, of course, provide printed instructions 
and blank forms. The preliminary arrangeiiKUits to ascertain exactly where 
additional observations arc required have taken so long that there is now 
necessity for somewhat prompt action to secure that the instruments shall all 
be at their destination a few days before tho end of the year. I shall there- 
fore bo glad of a i)rompt reply, especially as, after receiving it, either I or my 
colleague ^Ir. Buchan, of the Scottish Meteorological Society, will have to 
send communications to the * Scotsman^ and otlior pa])ers. I have only to 
add that if the Dingwall and Skye line is not under your control, 1 should be 
much obliged by a line or telegram stating to whom T should apply, unless, 
indeed, j'ou coidd submit tho tonour of my views to the authorities of that 
line, which would he the most ra})id course. I enclose sketch of the gauge 
and instruct ions, which can bo further simplitied for tho special purpose, and 
have onl)’ to add that, should any further explanation he required, 1 shall 
most cheerfully supply it. 

“ Yours very truly, 

“ -1. Dowjall, Esff, Invcrniss,'^ “U. J. Symons.'^ 

To this letter the following reply was received 

“ Highland Railway Company, Inverness, 
12th December, 1871. 

** BuITISH llAINtALL. 

“ Dnvu 8iu, — I have your favour of the 7th instant on the above subject, 
and beg in reply to state that the Directors of this Conipanv will be happy 
to cooperate in the matter by instructing several of their station-masters to 
make the necessary observations tiud to forward the results monthly. This 
will apply to tho Dingwall and 8kyo line also. 

“ I am, yours faithfully, 

“ A. Dougall,” 

0 


1872. 
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The result of subsequent correspondence was the establishment of a chain 
of stations over the entire system of the Highland and Dingwall and Skye 
railways. Fifty gauges, with pegs for fixing, instructions, and blank obser- 
vation forms were sent to Inverness, and distributed and erected by the offi- 
cials of the Company at various selected stations, with the exception of a few 
which are retained in store until the northern extension of the line will en- 
able them to bo placed in Sutherland and Caithness. It only remains to add 
that the station-agents, with scarcely an cxccijtion, understand their work 
and do it punctually and well. Another district in which additional stations 
are urgently required is that traversed by the Cahahmiaii (^inal ; and there- 
fore a letter similar to the one already quoted was addrt'sscd to the gentleman 
who, our Secretary was informed, w^as in charge of tlic Canal. As, however, 
the letter has not been acknowledged, our efforts in that direction have been 
futile. 

It is generally the case that expenditure on the pari of this Association 
leads to equal or greater expenditure for similar objects by other ])orsons. 
This has been specially the case with rainfall work, and an illusii’ation may 
be quoted from the events of 1 ist year. Sirniiltanooiislj' with the above action 
of the Committc*e, tlie Earl of Ereadalbaue (through liis agiint ^£r. J. P. Smith, 
C.E.) has undertaken to supply returns from a series of stations between 
Abcrfeldy and Tyndnim and other important locfiilities in the M'uterslied of 
the Tay and liannoch. Several of the gauges were fixed by our Secretary, 
and the sites for others selected by him ; and if the oliservations arc regularly 
taken they will he of great utility. 

A very limited number of gauges have also been sn])plio(l to remote districts 
of England andWalos; but the price of rain-gauges is now so low, that ihore can 
be but few peusons, who are able and willing to take charge of a gauge, to whom 
the cost can be proliiliitory. Your Committee are fully awan^ that in many 
parts of the country additional observations are desirable ; Imt there are so 
many expenses incidental to the collection of tlio observations and their dis- 
cussion, that they do not feel justified, considering tlie very limited means 
at their disposal, in lending gauges cxc(‘pt to very isolated stations. Their 
Secretary will, however, be happy to render any inform.atioii or assistance in 
his power to persons who may bo willing to set up gauges ; and it is hoped 
that by the maintenance and development of tho present organization, those 
vacant spaces may gradually he occupied. 

Owing to the illness of our Secret ury, the forms of inquiry respecting iho 
positions &c. of all the rain-gauges in the countr}' (not only of those belonging 
to this Association, but also of the much more numerous private ones) were not 
issued as soon as was originally intended. About 1 tlOO iin\ however, now cir- 
culated, and tho rest will follow in less than a month. Those wliich have been 
returned have nearly all been filled up in a very complete and satisfactory 
manner, auguring well for the success of tlic proposal. 

Aiiothet step taken with the same object, viz. the af tiiinment of precise 
knowledge respecting tho gauges in use, their errors and position, has been 
taken during the past year. Our Secretary has long jiosscssed a travelling- 
case containing the standard measures necessary for verifying any rain-gauge 
without removing it from its position ; and in previous reports we have giv*en 
the results of several hundred examinations of rain-gauges in sliii made with 
this apparatus. Owing, however, to our limited funds, this examination has 
been obliged to be curtailed ; and as a partial counterpoise to this curtailment, 
we have caused to be constructed a precisely similar testing- case, and pre- 
sent cd it to the Scottish Meteorological Society, hose f:3ccretary will in future 
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uso it in liis inspections of tlie stations of that Society, and will communicate 
the results to us. We sliall thus obtain a large amount of very valuable in- 
formation at the mere original cost of the apparatus. 


Katio of Rainfall in the British Isles in IbTO to ^fean (1800-09 = 100). 

IbTO. 





We regret that, owing to the cause already referred to, tlie discussion of the 
monthly percentages during 1800-09 is not quite ready for publication ; the 
means arc all taken, and the whole of the percentag('s (some 4000) are worked 

o 2 
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out ; the subsequent discussion Avill, we hope, be completed long before it is 
required for oiir next lleport. 

The onlj^ remaining subjects to which we have to direct attention are the 
biennial tables for 1870-71, which are given in the Appendix, and the re- 


Eatio of Eainfall in the British Isles in 1871 to Mean (1800-69 = 100). 

1671. 



suits of a comparison of the fall in each of those years with the averages at 
the same stations and with the same instruments during the ten years 1860- 
69, given in our last lleport. This is given in Table I., and an abstract of 
the same in Table II. 
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Among the many points of interest brought out by this mode of treatment, 
perhaps the only one to 'which wo need call special attention is the general 
distribution of rain during 1<S7() and bS71- And lirst respecting lH7u : the 
accompanying sketch map (j). 179) shows that there were two areas in which 
great deticicncy of rain occurred, and that there was no division in which the 
fall reached the average. The areas of deficiency were tlic south-west of Eng- 
land and the west of Scotland ; and on reference to Table I. it will be found 
that sev(*ral stations in those divisions liad less than two thirds of their average 
fall. The divisions in which the fall most nearly approached the average 
were the north-east of Scotland and Yorkshire, tlic latter owing to a very 
heavy local fall in North Lincolnshire, in October 1870, having partially ex- 
tended into the former county. 

In 1(871 the fall was not very much below the average (only 5 per cent.), 
and the eliart docs not reveal such prominent features as in 1870. The 
greatest diflerenc(*s are found in the two sides of tlie north of Scotland, no 
other division dilfering more than 0 per etmt. from the mean of the whole ; 
and even tlii.s is mainly ductoah(dt of cxcc.-s running north-eastward across 
the centre of England. This belt, moreover, is diu; to a single rain, that of 
Sepiemher tUh, which in Sonth-<Mst Yorkshire amounted to nearly four inches, 
and to b(‘twcen one and two inches at nearly all stations thoiice soiith-west- 
w'ard to Devonshire, The area <»f that rain, it may Ix' as well to state (in- 
cluding only tho.'^e parts at whi<*h \i}>war(]s of an inch fell), was about 14,000 
sfpiaro miles ; and taking the fall at the low average of one and a half inch, 
not less than 1 10,000 (thirteen hundred and li ft y- seven million) tons 

of water fell during the twenty-four hours. 


Table!.*' — Comparisou of Jtainfall, 1S70 andl.'^71, ^\ith Average, ISOO-GO. 


i ; 

Division. ' Station, 

!Mean, 

Total Fall in 

Ratio of Fall. 
(1860-69=100.) 

Mean 

Divi- 

sionnl 

Ratio. 

i 

! 

1S70. 

1871. 

1870. 

1871. 

T. Cnuulcn Scpuire 

in. 

25 6S 

in. 

21-32 

in, 

25-02 

83 

97 

83 97 

11. \Vp> bruise 1 loath 

25*05 

i9*S5 

23 22 

, 78 

93 


Tan field l>0(lge ' 

26*33 

21-69 

241S 

82 

92 


AVnldronlmrst 

24'39 

19 80 

20*24 

81 

83 


AVimhledon 

23-48 

18 22 

22-50 

78 

96 


Kow Observatory . . 

23-28 

16-64 

2 1*44 

72 

92 


Linton I’nrk 

27*56 

21*69 

25-12 

79 

91 


Jfunton Court 

26 CO 

20 49 

2294 

79 

88 


! West Thorney 

26-88 ■ 

20*58 

26*19 

- 77 

97 


Cbichoster ^lu'ieuin .. 

29-03 ' 

2*’37 

25-86 

‘ 74 

89 


1 ,, Sliopwjke. 

29-19 , 

24 89 

26 19 

85 

90 


j ,, We^it Doan 

37 'o 8 1 

28-35 

' 34*39 

: 76 

93 


Ch il grove. . 

33-22 : 

27-57 

, 33 *9 

83 

too 


1 Dale Park ' 

3373 1 

2740 

■ I'J'S? 

8 1 

89 


1 High Wiekliam 

26 37 ' 

24-61 

26-74 

93 

ICI 


i Forest Tjoclgo ! 

31-48 

1 24 02 

’ 30 ' 4 '; 

, 76 

97 



307? 

1 2 J -96 

29*26 

. 72 

95 



33-9' 

1 24-52 

i 2907 

72 

86 


1 Petersfield 

38-03 

! 28-05 

i 34*72 

' 74 

91 


Sel borne 

! 34’43 

■ 26*89 

' 33*43 

78 

97 


! Aldershot 

1 27 c4 

: 22-94 

' 25*59 

1! 

95 



* Full particulars rcsppctinj? the counties in which these stations are, and the heights of 
the rain-gauges above the ground and above sea-level, will be found on p. 106 ol our last 
Report. 
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Tabib I. (emtinued). 


Division. 

Station. ^ 

Mean, 

SGU-GU. 

Total Fall in 

Ratio of Fall. 
(1860-69=100.) 

Mean 

Divi- 

Bional 

Ratio. 

1870 . 

1871 . 

1870 . 

1871 . 



in. 

in. 

in. 1 




II. 

Reading? 

25-73 

16-85 

22*14 

65 

86 



Long Wittenham 

*7-38 

16-88 

21*52 

62 

79 

VO 

III. 

Bay ford bury 

25*01 

i8*I2 

23*42 

72 

94 



St. Albans 

17-85 

13-56 

24*43 

85 

88 



TIeraelhempstcjvd. .. | 

26-39 

21 64 

13-49 

82 

89 



Trmg 1 

27-59 

24-40 

23*69 

88 

86 



intdiiii 

23-92 

17-76 

20*84 

74 

87 



Koyston 

13-57 

17*16 

19*07 

73 

81 



High VV'ycoinb 

25-71 

i8*8i 

20-94 

73 

81 



Badoliir Observatory. . 

26*13 

17-56 

21*14 

67 

81 



Banbury 

26-22 

1993 

24*80 

76 

95 



Althorp TTouso 


17-21 

22*43 

74 

96 



Wellinglwrough 

24-09 

17*21 

20*17 

71 

84 



Kinibolton 

23 13 

16 47 

21*73 

71 

94 



Cardington, 0 ft. 0 in. 

22 49 

15-87 

2I*2» 

70 

94 



„ .Sft. (hn. 

21-76 

1+-87 

19*69 

69 

9 ' 



„ .‘lb ft. 0 in. 

iS* 17 

12 86 

>6-53 

71 

9 * 



Kly 

20-6 I 

1740 

20*33 

84 

99 



H isboacli 

24-04 

20*71 

24-77 

86 

103 

76 90 

IV. 

Witlunn 

20 47 

18*77 

20*77 

92 

101 



Duninow 

22*75 

17*11 

21*66 

75 

95 



Braintree 

13-98 

18-99 

22*73 

79 

95 i 


Salfron Walden 

23*06 

i *7 ^7 

21 46 

I 75 

93 ; 


Hadloigb 

25*47 

18-14 

21*83 

1 71 

86 ! 


Abbeygatc St 

23*96 

>5 78 

*9-55 

' 66 

82 ! 


West lev 

23-52 

i *743 

22 *8 o 

i 74 

97 



Barton IJall 

23 6}} 

i 17*58 

2261 

74 

95 



CiiHnrd 

2+83 

! i8*94 

24 ‘ 7 « 

76 

100 



J)ieklebiirgh 

22*22 

19-35 

21-85 

37 

98 



Outwell 

22*64 

16 61 

18*37 

i 73 

81 



Fineham 

23-14 

20 50 

23-*4 

89 

100 



Norwieli Institution ... 

22*17 

18 87 

23-13 

; ^5 

104 



(\)hs(‘y 

24-04 

21 29 

24-02 

1 89 

100 



HoinngbaTii iiull 

23-98 

21-44 

24-56 

1 39 

102 



Kgniero 

25-10 

. M* 4 * 

24 47 

: 97 

97 



llo:kliaiTi, Oft. 0 in, ... 

23 88 

1 20-74 

2228 

87 

93 



4 ft. 0 in.... 

23*23 

' 20*20 

21*01 

: h 

90 



ITunslanton 

19-56 

1 *8*36 

21-45 

94 

1 no 

82 96 

Y. 

Salisbury 3 ’laiii 

29 28 

1 22-59 

2 8 06 

77 

1 96 



Swindon 

28*59 

20-10 

ls-14 

' 70 

1 98 



Bridport 

32*25 

20-32 

; 30-84 


1 96 

I 


S.’dtram 

4481 

3 * 3 * 

1 46-88 

1 

: 70 

,05 



Ham 

42*89 

30*27 

1 45-75 

!i 71 

1 107 



Rulgeuav 

48 65 

32-17 

i 47-72 

ii 66 

; 98 



Tavistock Library 

43 36 

36-89 

1 51-88 

i 35 

i 120 



,, We.''t.sireel... 

53->7 

, 37-40 

53*40 

1' 70 

1 100 



Bovev Tracey 

: 43*^3 

i 30-32 

40-97 

1 ' 70 

1 95 



Coryton Lew Down .. 

; 45*94 

' 3826 

46-93 

^3 

102 



Kxetcr Institution 

1 3**76 

! ^**74 

32-50 

1 68 

102 



Clyst Hydon 

32*69 

, 22-98 

I 3221 

/ 70 

99 



Bnulniiieli 

38-06 

i 22*20 

33*10 

58 

87 



Broadlicnibnry 

34-56 

; 

34-33 

t 65 

99 



South Molton 

47*12 

, 33-11 

36-80 

1 70 

78 



Jlarnstaplc..', 

39*91 

i 28-79 

38*00 

1 72 

95 



Hel stone 

37-87 

17-66 

41*60 

73 

no 



Bcnzanco 

4 *' 5 * 

1 31-65 

44-71 

1 76 

108 
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Table L (continued). 


Division. 

SUtion. 

Moan, 

1800 - 09 . 

Total Fall in 

r 

Ratio of Fall. 

^ ( 1860 - 69 = 100 .) 

Mean 

Divi- 

sional 

Ratio. 

1870 . 1 

1871 . 

1 1870 . 

1871 . 



in. 

in. t 

in. 




V. 

Rodruth 

41-23 , 

37-00 ! 

39 * 9 ^ 

1 90 

97 



Truro R. Institution... 

42-88 j 

2 ^ 9*43 i 

39 85 

69 

93 



„ JViiarIh 

42-56 

28-54 ' 

40-96 

67 

96 



Rodmin 

47*71 1 

39*73 ! 

49 

83 

103 



Wiirl(*^gau 

54‘56 1 

44-21 ; 

4 *J *75 

S* 

89 



Wadebridgo 

39-30 1 

23-16 ' 

3016 

59 

77 



E. Ilarptrce 

42‘io i 

35*35 

40-52 

84 

96 

72 98 

VI. 

Snmll Street 

30*55 1 

21-41 

26-31 

70 

86 



Clifton 

3409 1 

2343 

29*10 

69 

85 



Quedgeley 

27-42 ; 

> 9*5 

27 96 

' 70 

102 



Areheiifirld 

28-21 

20*1 8 

29-41 

72 

104 



ItocK lands 

33*59 1 

26-20 

33*77 

78 

100 



Ccoin mater 

27-11 

18 87 

27-76 

70 

102 



U nr ford 

26-74 

20*23 

31-25 

76 

II7 



liUdloVN 

* 8‘53 • 

21 *91 

30-02 

. 77 

los 



SliilVnall 

24-87 1 

21-48 

26-06 

86 

105 



Shrewsbury 

19 SO j 

16-S0 

2* *45 

86 

1 10 



Oswestry 

3V65 1 

31 26 

3 6 CO 

88 

lOI 



Nortliwick Tark 

’ 28 02 j 

21-76 

27-63 

7 » 

99 



Orleton 

i 3090 ; 

24-17 

S '^'99 

78 

100 

77 101 

Yll 

jgston 

, ^^ 5*17 ' 

18 27 

24-28 

73 

97 



'riiornt(»n 

23-61 

* 9*33 

26 JO 

76 

102 

1 


IJehoir Castle . .. 

2448 

19 28 

23*54 

■ 79 

96 

1 


Oruntliain 

: 22-41 

17 12 

22 IQ 

76 

99 



Lincoln 

; ; 

16-29 

19 12 

78 

92 

1 


1 ^farkel Raaen 

! 23-43 

2$ 26 

23 *5 

108 

99 



(i;nn»b«n*ongli ........ 

' 21 66 

16-44. 

22-37 

"6 

103 



S|(^e]N\Mth 

1 i‘”i 5 ; 

18 42 

23 05 

86 

ic8 



Rriirtr . • 

J 2412 . 

24-06 

24- 1 7 

1 ..0 

100 



(Jrnnsliv 

j 21-39 1 

20-10 

1 22-68 

94 

106 



Rann'thy . . 

1 22 16 

26 90 

27-65 

121 

125 



A]>})leh\ Viearage .... 

! 24 10 

2 ; 20 

i 2366 

96 

1-7 


1 

>ie\N Holland. 

■ 2267 ; 

23-67 

24*56 

104 

1 *°9 


1 

Soiitlo%eil 

. 20*84 , 

*6 33 

1902 

78 

9 * 


1 

Welbcek Ahlvy 

i 2464 ■ 

21-38 

25 48 

8*^ 

1^3 


1 

^^'o^l^s<l]) 

! 47 

1 S c 3 

25 31 

Si 

113 

; 

i 

1 

Ri'tlbrd 

; z2-'’4 . 

17.2 

23 49 

75 

103 



Derby 

26-81 ; 

18-73 

28 70 

70 

*07 


I 

CheMerli»‘Ul 

.; 2095 ; 

2 1 *00 

26*56 

7S 

99 


i 

Kilnnrsli 

i -4 S 9 ; 

19-07 

27-15 

77 

, no 

i 

1 

( ’ombs .\ros«; .. . 

4962 i 

40-24 

46-12 

81 

93 


' 

Combs Desert <nr 

i 3 j'oi ' 

•I7-5S 

45**4 

95 

90 

; 

1 

(Mia]>el-eii-le-b'nlli .. 

1 4 >y 5 

37 * 9 ^^ 

■ 4**55 

90 

99 

1 

1 

Wood bead 

1 5^* *9 

42-21 

40 93 

81 


1 86 loi 

1 VIIT. 

Bo.sley ISIinna 

; 3 ^ 8 -; ' 

26-49 

1 32-86 

81 

100 


i 

,, He.'.enoir 

: * 5-^4 

-4 33 

' 29-82 

; 

' 93 

1 

! 

IMacelestield 

; 34''^4 ! 

23-83 

' 36 34 

69 

: 105 

1 

1 


Rarkdreen 36*7 <; 

29-..0 

32 82 

' 79 

i ^'9 

j 

j 

Bidhngton 

37-46 

26 80 

32 40 


86 

1 

i 

Wlialev 

-I 4>'^9 

39-90 

. 3!'‘54 

91 

1 88 



Marple A(|nedMet .... 

• 34 - 8 i 

30-01 

' 25-70 

86 

: 74 



„ Top Lock . . 

- 35-25 

32-98 

27-74 

94 

■ 79 



Oodle> Reservoir.... 

; 3398 

30-0+ 

3**45 

88 

93 



Mott ram 

' 37 73 

32-28 

! 34^0 

, S6 

9 * 



Neulon 

1 31-63 

30-50 

3118 

: 96 

99 



Arn field 

..| 37*23 

34*45 

, 33-88 

93 

‘ 9 * 
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Table I. (wntimieiT). 


Pivi.8ion. Station. 

Mean, 

18 G 0 - 09 . 

Total Fall in 1 

1 

Kalio of Fall. 
(1860-69=100.) 

Mean 

Divi- 



1870 . 

1871 . 

1870 . 1871 . 

Katio. 


in. 

in. 

in. 



VIII. Khocles Wood 

4632 

39*88 

38*99 

86 84 


Woodhead 

5 r »3 

4662 

43*73 ' 

90 84 


Denton 

3^*97 

28*08 

29*16 

85 89 


Gorton 

3371 

28*93 

29-58 . 

86 88 


Old Trafford 

34'73 

^ 9*55 

33 23 

85 96 


Ardwick 

32-60 

30*54 

33-64 

94 103 


Piccadilly 

3678 

27*67 

29*18 

75 79 


Fairfield 

40-90 

33*44 

36*30 

82 89 


Waterhouses 

36-13 

33*64 

36-91 j 

93 *02 


Oldham Gas-Works... 

37-12 

32*49 

32*11 

87 86 


Strines Dale 

36 01 

31-35 

33-86 : 

87 94 


Dolton (The Folds) ... 

48 98 

43*47 

40*93 1 

89 84 


Del in on t 

56 6 1 

5280 

46-80 1 

93 83 


Heaton 

1 4421 

41*10 

40-40 

93 91 


Dochdale 

, 44 'i 3 

35-18 

34-(>5 

80 78 


Orinskirk 

i 35 ‘co 

29*84 

3''95 i 

85 89 


Preston 

3 ^ 3 C> 

34*17 

34-^5 

89 89 


Dlackpool 

! 3299 

31-41 

29*94 1 

95 r 


Stonyiiurst 

48-56 

45'56 

43-91 ! 

94 91 


C'lithcroo 

i 4479 

38-05 

3 ! 5-25 i 

85 86 


Lancaster 

, 43’94 

39-67 

39*59 ! 

90 90 , 

C'artinel 

45'63 

39-24 

4^*41 1 

86 93 

86 90 

IX. 1 J!r0(.itilmll Park .. .. 

31*28 

26 01 

30*63 ; 

83 98 


llcdinircs 

39-68 

33-46 

34-82 1 

84 88 


Tickliill 

23-99 

20'68 

2644 1 

86 1 10 


Dunford Bridge 

56-18 

5444 

46-93 i 

97 84 


Saddicwortli 

. 41*97 

38-.. 

37-73 ' 

91 90 


Standedge 

' 5370 

4775 

42 25 

89 79 


Longnood 

34-01 

24*14^ 

1 9-04 p 

71? 56^ 


Warley JVIoor 

, 46*33 

36*10 

35 ^0 

78 77 


AWll Jlcud 

; 33 ' 3 i 

29*59 

27-90 

89 84 


Midgchy Moor 

! 50-00 

42-30 

39 60 

85 79 


Ovenden Moor 

, 46-09 

35*30 

36*70 

77 79 


Le^cnlhorpe 

1 * 3'26 

21*99 

25-36 

94 109 


Ilolboek 

■ i X2-85 

20*50 

22-8o 

1 90 100 


York 

1 24-4 » 

24-37 

28-68 

100 117 


Arnclifl'c 

60-08 

1 50*14 

52-73 

83 88 

' 

Hull 

' 25-C2 

2581 

25-68 

103 102 


Malton 

27-46 

: 26-32 

27-76 

96 101 


Bichmond 

3I-II 

25-95 

29-05 

^3 93 

88 91 

X vShotley Hall 

28'i^9 

25*31^ 

26 96 ; 

89 94 


Bywell 

28-S7 

25-84 

33-53 ' 

89 II6 


Wylam 

26-90 

24-43 

2669 

91 99 


Wall send 

26-64 

23*90 

25-87 1 

90 97 


Bosellu Place 

26-07 

25-22 

26-18 1 

97 100 


Stainfordhain 

27-64 

2615 

26*51 

95 96 


Li 1 burn Tower 

28-66 

23-27 

25-44 1 

81 89 


Seathw'aite 

154*05 

119-60 

115-15 ; 

78 75 


Ull&watcr 

• 59 ' 9 * 

50-70 

45-80 

85 76 


Bas.senthwaite .. [Hal 

1 53-76 

48-97 

40*12 

91 75 


CockerinouthjWhinfel. 

« 57*37 

48-86 

41-70 

*5 73 


Carlisle 

27-62 

20*50 

23-58 

74 *5 


Kendal 

53 ' 3 i 

43*09 

50-25 

81 94 


Appleby 

35*99 

27*31 

31-80 

76 88 

86 90 

XL Cardiff 

42*02 

35*60 

4116 

85 98 


Bhayadcr 

4498 

4 J *35 

43*93 

92 98 
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Table I. (eontlnved). 


Division. Station. 

Moan, 

18 G 0 -G 9 . 

1' 

Total Fall in |j 
1 H 70 . i 1871 . il 

' II 

Ratio of Fall. 
(1860-69=:: 100.) 

1870 ., 1871 . 

Mean 

Divi- 

sional 

Ratio. 


in. 

in. 

'1 

in. I, 




XI. Iln warden 

26*44 

23*29 

28*22 ;i 

88 

107 


Ifolywell 

24‘43 

22*91 

24*63 j 

94 

lOl 


Llandudno 

3 1 ‘CO 

27*43 

3056 1 

89 

99 


Die of Man 

30-61 

23*89 

24-21 

78 

79 


(rlKTUMy 

37 

2505 

36*26 

68 

98 


Alderney 

28 62 

21*05 

*7-18 

74 

95 

*4 97 

Scotland. 







XII. Mull of (.lallowuy 

27 66 

21*58 

24*22 

78 

88 


Stranraer 

49 60 

62*25 


126 

113 


( orsewall 

37''^3 

3205 

34*88 

87 

94 


]jil11o Uos.'s 

26*98 

22 95 

27*60 

85 

102 


1 Careen 

44 37 

39*97 

44*54 

90 

100 


j Dumfries 

37 'C 5 

28*32 

35*32 

77 

95 


I \\ ester kirk 

60 09 

47 68 

52*20 

79 

87 


1 \\ anloekliead 

66*63 

49 ' 3 > 

( 5974 ) . 

74 

(9°) 


KeLo 

24 66 

1927 

i 5’47 : 

78 

1C3 

86 97 

XIII. Jlonlnli 

33 f ^3 

25*c6 

31*23 i 

76 

95 


Penieuiek 

38 CI 

23 65 

34*30 

62 

90 


Lauder 

29-58 

22 40 

31*60 

75 

105 


Dunve : 

28 49 

23 85 

29*28 

84 

103 ; 

1 lladdin^don 

25-63 

19 33 

25 42 

76 

99 ; 

i ICasl Janton 

23 77 

19 30 

25 62 

8i 

108 ' 

, (\)l)lunshuw 

37 45 

23 50 

3640 

63 

97 i 

, Iiuerosk 

29 C2 

16*50 

30*42 

57 

105 

72 ICO 

XIY. ' Auelnnraith 

' 3**95 

21 76 

32*02 

68 

100 i 

, llotlnu'll Castle .... 

28*89 

2119 

28 22 

73 

98 , 

Ces.‘*noek l*ark 

37*96 

26 62 

34 *co 

70 

90 , 

j (»laf»{i;ow Observattiry.. 

44*41 

3525 

4 c *54 

80 

91 

1 Lad host on 

' 4647 

36 17 

45’69 

7 » 

98 : 

, Sliotls 

; 33’45 

24*13 


72 

79 ; 

! 

' 441^3 

33*22 

1 40-17 , 

74 

^ : 

: 

1 48-9^ 

40*80 

i 42*80 

83 

88 i 

1 ID alt Lynn 

1 4780 

; 33*75 

i 46 60 

7 1 

97 

M an Ik Glen 

4985 

33*35 

: 46-15 

67 

93 ' 

Middleton 

i 56 08 

40*25 

1 50-70 

71 

89 

Meanij, 

50*14 

36*69 

47 88 

73 

95 

Greenock .... 

66 j6 

; 47 CO 

; ^’2*31 

71 

1 94 

: 73 93 

XA*^. ' Arddaroeli 

78*32 

59*15 

71*40 

75 

91 1 

: Falkirk 

32*96 

1 21*50 

32 20 

, 65 

98 ; 

Slirlii’g 

41*30 

1 26 65 

38*10 

: 65 

92 

IMadda 

, 40*14 

' 27 63 

i 37 ’i 8 I 

; 69 

93 

Castle Toward 

■ 54*35 

; 41*06 

! 48 10 , 

i "5 

88 

Tjueli^ilpheail 

' 5425 

i 50-26 

; 52 28 ' 

1 92 

96 

Iinerarv 

' 67*37 

42*00 

i 41*50 ' 

62 

62 

A]H)in 

I 63*64 

53 30 

I 50-70 , 

84 

80 

Ardnamurelian 

1 45*59 

' 3098 

i 37*61 i 

68 

«3 

Mull of Cant ire 

1 44*17 

3316 

i 45*77 ! 

75 

IC4 

Campbeltown 

1 47*31 

38*32 

1 45 00 1 

81 

95 

Kliinn.s of Islay 

33*43 

, 25*42 

1 34*76 ! 

76 

104 

i 

Li.'iinoro 

46*22 

31*67 

i 35*78 1 

68 

77 


Sound of Mull 

72*16 

24*43 

89*20 

34 

121 

1 

Ilynish 

79 99 

59*53 

57*38 . 

1 75 

72 

71 90 

XVI. Loch Levcn 

35*78 

21*40 

34*10 ! 

60 

95 


Balfour 

28*59 

23*41 

34-14 : 

j 8z 

119 


Levcn 

28-99 

21*69 

30-94 1 

1 ” 

107 
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TabIiE I. (continued). 


Dmaion, 

Station. 

Mean, 

18 G 0 -G 9 . 

Total Fall in 

1 Ratio of Fall. 

1 (1860-69=100.) 

Mean 
Divi- 
sional 
Rat 10. 

1870. 

1871 . 

j 1 H 70 . 

1871 . 



in. 

ill. 

in. 

! 



XVI. 

Aberfojle 

61*82 

40-60 

6o-6o 

66 

98 



Dunblano 

36-17 

23-70 

32-40 

66 

90 



DccUiston House ..... 

43 99 

30 22 

41*81 

69 

95 



Lanrick Castle ••• 

48-81 

28-90 

40*90 

59 

84 



Bridge of Turk 

61-89 

46-10 

64-10 

74 

104 



AiKjhierardcr House- •* 

34 ' 3 ^ 

24*05 

31-85 

70 

93 



Trinity Gask 

3S-32 

24*59 

34*69 

70 

98 



Stroiivar ... 

82-45 

61-33 

75*57 

74 

92 

! 


Perth Academy •• 

23-58 

15 94 

21*35 

68 

9 * 



Scone Palace • • • 

29-18 

21-39 

2967 

73 

102 



Barry ••• 

29-73 

24-22 

3 3 64 

82 




Cruigton • ■ 

34-88 

29-65 

40-41 

^5 

116 




33*17 

271 1 

33*62 

82 

lOI 



Hill Head 

35*19 

29-48 

39*^5 

84 

III 



Arbroath • . • 

29-05 

22-40 

26-69 

77 

92 

73 100 

xvir. 

Brechin **. 

34-91 

28*70 

33*20 

82 

95 



Girdleiicss ••• 

22*72 

19-49 

20-61 

86 

9 * 



Bracinar 

33*40 

30-38 

30 35 ' 

' 9 » 

9 ‘ 



Aberdeen 

2943 

24-00 

25*18 

82 

86 



Kinnairdhcad 

24*17 

30-28 

3465 1 125 

H 3 



Gordon Castle 

2919 

23-56 

28-S3 

: 81 

99 

91 lOI 1 

XVIII. 

Stornoway 

31-79 

24 22 

27*81 

76 

87 



Beniera -. 

68*03 

37*90 

52-10 

; 56 

77 

i 


Cromarty •. 

25-94 

16*28 

20*87 

63 

81 



Oronsay * 

72-36 

34*95 

49-48 

48 

69 

1 


Xyleakm •. 

1 82-07 

49-07 

61-70 

60 

75 

1 


Baasay 

1 77*12 

55*40 

70 10 

: 71 

9 * 

1 


Jlarralicad 

1 31*73 ; 

25 62 

30 89 

81 

97 

1 


S L’ ist 

I \ 

42*78 

37*06 

' 97 

86 

, 


Harris . 

i 31*^3 

3351 i 

* 12*57 

107 

>57 

i 


Ciillodcn House ..... i 

1 27 08 

! 1791 i 

20 76 

; 66 

77 

1 73 ** 

XTX. 

Dunrobin Castle .... 

; 27-69 i 

1 2676 I 

24-75 

97 

89 



Cape Wrath 

1 3 '> 37 I 

1 29-26 1 

33-12 

, 74 

84 



Wick 

1 24-70 

22*c6 

18 91 

89 

77 



Penlland Skerries 

28 76 

! ^ 9*64 

21-36 

. 68 

74 



Hoy, Kast 

i 39-01 

27-34 

33-22 

i 70 

85 



Hoy, West 

1 32 69 

, 17-63 

18 53 

' 54 

57 

i 


Balfour Castle 

1 32 ' 4 » 

1 29*60 

26-40 

: 9 * 

81 



Saiidwiek 

1 3 ii*X 5 

’ 3072 

32 17 

79 

83 



^'anda 

1 31*37 

i 29-76 

38-64 

' 95 

123 



Xorlli Bonaldsay 

1 31-02 

1 14-40 

1704 

46 

! 55 



Siiiuburghcad 

! 26-45 

i 21*19 

23-69 

1 80 

i 90 

1 


Brc.ssiiv, L. 11 

1 36*49 

j 24*48 

33-84 

67 

! 93 

76 83 . 


Ireland. 


! 


i 

1 

XX. 

Cork 

3477 

1 28*46 

35*66 

1 82 

102 1 


Permoy 

37*21 

! 2909 

35-56 

: 78 

96 ! 


Waterford 

1 40*67 

: 33 55 

4467 

83 

1 I 10 ' 


Kill aloe 

47*65 

i 40-78 

40-70 

85 

85 

82 98 

XXI. 

Port.irlinglon 

36*86 

26-04 

28-51 

71 

77 ! 


Tullainoro 

27*94 

' 24-86 

29-09 

*9 

104 i 


Bray 

41-82 

33 *H 

33*25 

79 

79 1 


Black Boek 

27-10 

' 25*02 

28-11 

, 92 

104 


XXITI. 

Enniskillen 

44*37 

42*97 

46-29 

1 97 

104 

j 83 9 J 


Armagh 

32-01 

22*29 

28-40 

70 

89 



Belfast, Queen’s Coll. . 

34*23 

30*14 

31-91 

1 88 

1 

93 

*5 95 
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Tabm; II Mean and Extromo Ratios in each Division. 


Division. 

Description. 

l.ii 

St-' 

Ratio for 1870. 

Mean, IligliPbt. Lowest. 

Ratio for 1871. 

Mean. ‘Highest. Lowest. 

I. 

E.nclani) am> AVvmis. 

Mklcllcaex 

; 

I 

*3 

83 i 

1 

83 

97 

97 

97 

IT. ' 

Soudi-Kaslcm Counties ... 

22 

77 

93 

62 

92 i 

lOI 

79 

IT., 

Soutli ]\ri(lliiiul Comities ... 

»7 

76 

88 ' 

67 

90 ' 

103 

81 I 

IV. 

Eiisk'rii Counties 

! 19 : 

1 

82 

97 

66 

96 

no 

81 

V. 

Sonth-Wcfttcrn Count its 

1 1 

' 25 j 

72 

90 

58 

98 

120 

78 

■VI. 

West MkII.iiuI Counties ... 

1 13 

77 

88 

69 

101 

117 

8s 

VIT. 

North Miillaiul Counties... 

i-‘i 

86 

i I2I 

70 

101 

125 

78 

YITT. 

Norlli-'NVeslorn Counties .. 

^4i 

86 

96 

69 

90 

IC5 

74 

TX. 

Yorkshire 

' 18 

88 

i 103 

71 

9^ 


56 

1 

X. 

I 

Northern Countio.s 

H 

86 

! 97 

74 

i 90 

116 

73 

XT. 

Moninouthshire, Wales, i^e 

8 

84 

, 94 

68 

97 

1 107 

79 

xn. 

.‘'‘coTiAXn. 

Soiilliern Count us . . , . 

9 

86 

j 

i 126 

74 

97 

' in 

87 ; 

XllT. 

►Soulh*E.Jslern Count its .. 

8 

7’- 

84 

57 

I CO 

icS 

90 j 

i MV. 

, J^oulh-Wetlern Counties .. 

i 

• 13 

73 

' 83 

67 

92 

100 

$8 

XV. 

' We.st .Mtdlaml (.'tmiitu's .. 

1 

• Cs 

1 

' 71 

92 

34 

90 

121 

I 62 

XVI. 

Ka-^t Mullaiul Counties .. 

iS 

73 

83 

59 

I GO 

119 

t '4 

j xvu. 

! X’ortli-Kusterii Counties .. 

6 

9* 

*25 

Si 

lOI 

143 

86 j 

XMIL 

! 

' Ntirth- We-lern Count ie-< . 

IS 

7 3 

107 

56 

ss 

137 

' 69 

MX. 

1 Xort]icrn (’«mu(ie, 

12 

76 

97 

46 

S3 

1:3 

! 57 , 

i XX. 

1 

1 

[ mister 

1 

4 

$2 

85 

78 

98 

no 

' 85 j 

1 

, XXI. 

1 

1 lA'inster 

. 4 

83 

103 

71 

91 

104 

: 77 1 

XXIIT. 

'Ulster 

1 

1 3 

85 

97 

70 

95 

104 

89 i 

I 

Mean 

i 

' CS 

80 

97 

66 

95 

II4 

! 


Maximum 

1 ^ 

as 

i 0 

91 

126 


101 

: H3 

I 97 


Minimum 


' 71 


1 34 

83 

97 

; 5^ 
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REPORT — 1872. 


TABLES OF MONTHLY RAIN- 
ENOLAND. 




Division I.- 

-Middlrsicx. 




Div. 1L-S.I 

1 . COUNTIKS. 

i 

Middlesex. 

Surrey. 


Camden 

Upper 

Hampstead, 

Winchmoro 

Dimsfold, 

Wo’v bridge 

Rain-gauge 

Square. 

Clapton. 

Mount. 

Hill. 

Godaiming. 

licatli. 

above 












Ground 

0 fl. 4 in. 

1 ft. 1 in. 

1 ft. 0 in. 

lft.Oin. 

2 ft. fi in. 

Oft. 1) in 

Sea-level 

Ill ft. 

01 ft. 

.‘185 

ft. 

aoOft. 

l(i(>ft. 

150 ft. 


1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 1 1871 . 

1 


in. 

in. 

in. 

in. 

in. 1 

in. 

in. j 

in. 

in. 

in. 

in. j in. 

Januarj 

1-38 

1-99 

1-46 

1*89 

1*40 

>•79 

1-46' 

1*69 

1*71 

2*74 

1*541 2*22 

February ... 

1*21 

1*27 

1*02 

1*32 

i*i8 1 

i ‘33 

»* 47 : 

3*55 

2*70 

1*43 

1*87 j *97 

March 

2-31 

1-19 

196 

1*32 

2 09 ' 

1*12 

1*76! 

J ‘53 

1*82 

1*43 

2*231 1*31 



*47 

2*84 

•42 

2*79 

‘Pi 

3*12 

•43 1 

2*69 

•20 

3*39 

*32, 3‘78 

May 

•70 

•92 

•62 

*65 

•85 

1*09 

ro6 ' 

•85 

1*36 

•29 

•75 1 ‘ 3 b 

June 

•83 

3 ‘49 

•56 

3*6o 

• 77 ! 

2*48 

•86' 

2*50 

•61 

2*28 

*59 j 2*99 

July 

1*22 

4*12 

•98 

3-67 

1*52' 

3*90 

•63; 

3‘54 

3*01 

3*73 

1*03 1 3*66 

August 

2'69 

•85 

1-63 

•73 

1*97 1 

•89 

2*i8 I 

•72 

2*08 

1*36 

2*19; *97 

September ... 

2’00 

5‘i8 

1-98 

5*22 

2*15 1 

483 

2*04' 

4*98 

2*84 

5*49 

1*71: 4*27 

October 

3*68 

J '34 

3'48 

1*26 

S'Sol 

1*25 

4*00 

1*02 

3*66 

1*20 

3*12} rn 

November ... 

176 

•60 

1*52 

*56 

*36; 

*52 

I 20 

*66 

1*83 

*43 

1*24. *37 

December ... 

3*07 

ri 3 

2*98 

1*06 

2*8o! 

.•.5 

299' 

1*44 

2*82 

1*43 

2*961 1*21 

1 

Totals 


1 

1 0 

> 

19*61 1 24*07 

j 20*12 

23*47 

1 20‘o8 I 

23 ‘i 7 


1 

1 25-20 

19*55 23*22' 


Division II. — Sovin-E.vsTERsr Counties (eonlimicd). 


Kent { continued ). 



Sussex. 


1 

i 

ester , 
mm. , 

Height of 
Rain-gauge 
above 

Ground 

Sea-level 

River 

Sever 

Head, 

oaks. 

0 in. 

Acol, 

Margate. 

Sidcup. 
Foots Cray. 

()a.8in. 

2J1 ft. 

Drighton, 
licwcs Road. 

0 ft. 1) in. 

00 ft. 

Wc .4 

T 1 ion icy. 

Oft. 8 in. 
loft. 

Cliicl 

Mus< 

0 ft. 
50 

1 ft. 

lft.Oin. 

CO ft. 

C in. 
ft. 



1870 . 

1871 . 

1870. 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 


in. 

in. 

in. 

in. 

in. 

in. 

, in. 

in. 

in. 

in. 

in. 

in. 

January 

2*43 

4*10 

*92 

2-85 

1*09 

2*76 

i 1*79 

2*98 

3*42 

4*05 

1*69 

3’09 

February ... 

1*99 

1*93 

•32 

*61 

•86 

1*00 

.•87 

1*76 

2*57 

109 

2*48 

i '34 

March 

2*11 

1*76 

1*24 

1*01 

2*i6 

rii 

: 178 

1*02 

•30 

*57 

1*43 

‘83 

April 

•39 

3-71 

•30 

206 

*33 

2-86 

*51 

4‘55 

*00 

2*20 

17 

4*12 ' 

May 

1*37 

•66 

i*ii 

*69 

•67 

•79 

' *90 

•19 

1*76 

*57 

*90 

‘15 

June 

*63 

2*8 1 

1*31 

2*63 

•46 

276 

1 *29 

4*03 

•CO 

3*55 

*24 

3*1 1 

\july 

1*39 

3*37 

119 

2*05 

1*41 

3*35 

1 *76 

3*76 

•98 

448 

1*94 

3-98 , 

August 

1*91 

2*49 

116 

•93 

1*67 

I'OO 

1 2*50 

1*55 

rSi 

i‘6o 

2*13 

i‘ 4 i . 

September ... 

2*21 

4*71 

216 

3 28 

2*21 

5*02 

1 3*02 

3*46 

1*31 

4*47 

r6i 

4*51 

October 

6*05 

1*92 

3**3 

114 

3-07 

*99 

1 5*21 

1 69 

3‘95 

1*76 

4*38 

1*32 

November ... 

2*09 

'89 

1*25 

*68 

1*42 

*49 

2*70 

•77 

2*14 

‘35 

179 

*94 

December ... 

3*75 

2*17 

2*29 

1*82 

3*28 

1*22 

4*09 

1*56 

2*64 

J‘ 5 o 

2*6i 

i‘c6 

Totals 

26*32 

\% 

1 

1 

16*38 

19*75 

18*63 

» 3 * 3 S 

25*42 

27*32 

20*58 

26*19 j 21*37 

25*86 
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FALL IN THE BRITISH ISLES. 

ENGLAND. 

I Division II. — South-Eastern Counties (continued). 


Surrey {continual). Kent. 


Cliobliain. | 

ICcw 

Observatory. 

‘ 

Kennington I 
Hoad. 

Dover, 
Castle St. 

Ilythe. : 

Ijinlon, 
Maidstone. ; 

1 

Falconburst, I 
Kdenbridgo. 1 

1 ft. 2 

in. 

1ft. .3 in. 

0 ft. 0 in. 

2 ft. 2 

in. 1 

0 ft. 

^ in. I 

Oft. r 

in. 

1 ft. 

tin. 

OlJft. 

lyft 


10 ft. 

.‘10 ft. 

12 

ft. 

2% tt. 

400 ft. 

i«7a ! 

1 

1871. 

1870. 1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1871). ■ 

1871. 

1870. 1 

1871. j 

in. i 

in. 

in. 1 

n 

in. . 

in. 

in. i 

in. ■ 

in. 

in. i 

in. 

in. 

in. i 

in. 1 

rzG 1 

2*10 

1-23 1 

1-76 

I'OI 

*•54 

2-44! 

3*3^1 

2-41 

3*3 

r66 , 

3-50 

1-90 1 

373 ' 

2'oo ; 

’95 

1*2;’ 1 

’99 

■ 50 , 

I ‘02 

*45 i 

1-83; 

•84 

223 

114 

107 

2-49 

r8o 

*75! 

116 

178' 

•98 

1*8-^ 

•89 

*93l 

1*42. 

1*57 

1-84 

1-64 

*■44 

2-48! 

rSo 

■46' 

3’39 

•40 

2-69 

, '3» 

2-41 

•34: 

4 59' 

‘43* 

403 ; 

’43 

2-8o 

’43 

3-60 ' 

•90, 

-29 

•82 

•79 

! '47 . 

I'lO 

I 27 1 

5^3 

i8z 

1-03 ■ 

1-14' 

1-20 

111 

1-14' 


3’5* 

’56 

2-98 

i 

376 

•32! 

2 67 ; 

"-I 

3**5l 

•32 

2 92 

’49 

3’*5| 

■55' 

2-84 

•65 

3^3 

>58; 

4-05 

•72 1 

2-42 ' 

1*3* i 

2-92 1 

*95 

2-84 

2-59 

3'Hi 

*77 ! 

roo 

2-02 

■95 

: 200 

-68 

i’3*l 

•88 

1 23 

■^^4. 

2-c6 

1-09 

1 72 

1-63 1 

*’37 

3‘73 

*’37 

4-42 

1 2’00; 

4-84 

17* ! 

467 

239 

4 66 

2-c8 

444 

2-8o 


5i’94. 

1-19 

2-57 : 

ro2 

! 3**6, 

•82 

460 , 

1-40 

490 

. * 77 

3 ^ 

1'44 

4-64 

1-58 1 

1-581 

*33 

1*36: 

• 5 * 

. *75! 

•35 

396, 

3-04 

3’53 

2’0I 

I 70 

•76 

2-44 

-69 ! 

2-48 ' 

1-24 

2-6i ' 

1-12 

2'17 

•86 

4*9 

3 20 

4-36 

2-83' 

368 

1-62 

411 

**99! 

17-57' 

21-82 

1 6 64 

2*-44 

1 1786 

22 32 

2324 ■ 

3027 

25-50 

30-44 ' 

21 69 

25*12 

27-20 

28-42 ' 


Division IL— Sorni-EvsTEHN CorNrins j 






SiN^h.v {•• oniimutV , 






II.VMPSniRK. ' 

Bleak Tfouhe, ' 

Dale Park, 



C’lnlerove, 

Bak-oiub 

IVtworth 

St. La^^^eneo, | 

lla^lingh. ! 

Arundel. 

JJattl 

e. ' 

Clnehe 7 

4 ( 1 ’. 

Click field. 1 

lleetorN . 

Isle of W iglit. 

1 ft. 

’iiii. : 

Oft. 

') in. 

1 It. a 

in. 

Oft. 0 in. 

1 ft. ; 

in. 

2ft.O in. 

Ift.Oin. 1 


ft. 

;iii) 11. 



.... i 

281 ft. 

atM) ft. j 

lOttft. 

7 r> ft. 1 

1870. 1 

1871 .: 

1870 . ' 

1871 . 

1870 

1871 . 

1870 .; 

1 .S 71 . 

1870 . ' 

1 

1871 ' 

1870 

1871 .' 

1870 

1871 .' 

in. 

in. i 

in. i 

in. 

in. 

in. i 

in. 1 

in. 

in. i 

in. 1 

in. 

in. 

in. : 

in. ; 

2-52 

2-07 { 

2-52’ 

2-85 

i ’55 

2’62 

2-40 ; 

3*53 

2-17 j 

4 - 33 ; 

1-85 


1-83; 

3 -. 8 , 

j 1-02 

I-+8' 

2-40 

1-84 

*•39 

1-46 

nsj 

*’94 

2 ^’ 44 ! 

231 1 

3 

* 85 

2*20 

*’ 35 ' 

1 *‘97 

1-32 i 

1-88 

128 


1*62 

2 08 1 

1*47 

2 c6 j 

* 74 l 

221 

192 

*•79 

•96! 

' ’ 3 ^ 

3’96 1 

•10 

5-02 

■4* 

4*76 

•21 ' 

4-78 

’ 30 ' 

4 10 

•23, 

3 *6 o 

•33 

3 ‘ 53 i 

1 1-20 

-901 

1-30 

•82 

1*98 : 

112 

*’44 1 

•61 

no * 

’79 1 

1-881 

•28 

1-23 

•06 

' ’43 

/ 1 
* 5 * ' 

•31 

4’37 

' *66 1 

2*45 

•44 i 

3'4 

•28 1 

2-64 1 

•561 

i ’39 

’*’5 

2-C2 1 

•89 

2-68 

3-44 

4-50 

*’391 

3-09 

1*62 ! 

5 ’ 3 * 

2*23 j 

3*5! 

i‘ 34 ' 

4’34 

i*6o 

4 ’ *4 ; 

1 *75 

; ‘96 

2 63 

1 50 

2’c8 

120 

U-C6: 

1-76 

2-70 j 

1-931 

rSo 

1-36 

1-24' 

r^6 1 

i a ’39 

306 

2-21 

3-7 j 

3’55 

396 


5 

187' 

4*i8 , 

2-36' 

4-82 

*’59 

5 ' 7 ='| 

4 ’ 9 <^ 

1 *’ 4 ^' 

5'77 

1-84 

5 ’-4 

* 43 

4S1 : 

176 

5 'o6 ' 

*■^ 5 , 

5-64' 

*’55 

4 ’ 59 i 

2 09 ' 

2-73 

1 ’56 

2*53 

•85 

2*8i ; 

’ 5 ^ 

1-961 

•85 


81 ; 

2’10 ^ 

•48 

2 28 ' 

‘ 47 , 

2-85 

1 **57 

2- 30 

1 '' 5 " 

4 ‘ 43 ; 

1 87 

357 

226 

1 4'02| 

2'o6 : 

3-18 1 

1*82 

3-06 

*‘* 7 , 

23-03 

22-09 

27*40 

j » 9’*7 

1 » 8 - 45 i 

26*16 

! * 7‘57 1 

33’*9 

» 7 ' 55 l 

29 ’ 29 l 

27*81 1 

27*60 

. 21-99: 

26-13 j 
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RKPORT— 1B72. 
ENGLAND. 


Division II. — South-Eastern Countius ( continued ). 


Hampshire { continued ). 


Height of 
Rain-gauge 
above 

Ryde, 

Isle ofWigbt. 

O.sbornc, 
Isle of Wight. 

Faroliam. 

Sliirley 

Warren, 

Southampton. 

Selboriio. 

L 1 s 8 , 

Pelersfleld. 

0 round 

7 ft. 0 in. 

0 ft. 8 in. 

10 ft. 0 in. 

4 ft. 0 in. 

4 ft. 0 in. 

0 ft. 7 in. 

Sea-level 

20 ft. 

172 ft. 

0(3 ft. 

UK) ft. 

4 (X) ft. 

250 ft. 


1870 . 

1871 . 

1870 . 

1871 . 

1 H 7 I). j 

1871 . 

1870 . 

1871 . 

1870 . 

18 ’ 71 . 

1870 . 

1871 . 


in. 

in. 

in. 

in. 

in. j 

in. 

in. 

in. 

ill. 

in. 

in. 

in. 

January 

r8i 

325 

I 8j 

3 30 

2731 

2 60 

2-63 

2-12 

2 OD 

3-12 

2-58 

2*41 

February ... 

2-94 

’ 1-46 

2 32 

■S 3 

2-43 

115 

2-38 

1-28 

3*95 

1-77 

4-08 

2-o8 

March 

I'23 

1*30 

1-58 

1-24 

1 80, 

1*23 

1-8; 

1-48 

2-67 

2-04 

2-86 

rn 



•21 

4C9 

•28 

4-12 

•19! 

3 - 9 S 

•44 

4-04 

• 3 *; 

4 *S$ 

•36 

4-87 

May 

1*42 

•19 

1*42 

•35 

1771 

•50 

*‘39 

•27 

* 95 

*20 

177 

■22 

June 

•19 

2*68 

•18 

2 - 4!3 


3-05 

•38 

2-98 

•5:1 

3'77 

•40 

286 

July 

1-27 

4 ‘n 

•72 

407 

•06 1 

4-53 

1*37 

4‘53 

■49 

4'43 

’35 

5 ‘ 4 i 

August 

194 

r 8 o 

2*09 

1*44 

2-42' 

2-15 

182 

1-4.4 

1-66 

2-30 

2-49 

1*89 

September . . 

i‘68 

6*31 

1-93 

6 12 

17^1 

493 

2-45 

6-i6 

2 39 

6-43 

1-31 

656 

October 

4-46 

1-89 

4*46 

1-92 

4 371 

1-79 

3 88 

2*00 

4851 

1-85 

572 

2-02 

November ... 

2*83 

'49 

1 * 9 ^ 

’49 

2-24! 

1-32 

2-04' 

•82 

i 77 | 

*57 

2*66 

■^5 

December .. 

3 'i 5 

i i '55 

3*22 

2‘20 

402 j 

184 

^85 

1 31*13 

329 

2-40 

3*47 

[ 2-6i 

Totals 

23*13 

29-14 

21-961 

29-26 

24-52 

29-07 1 

» 3’47 j 

29-25 ' 

26-89 

33*43 

28-05 j 

34*72 




Division III.- 

— SoifTH ItiniAND CorxiiEs ( continued ). 



BuCKINGIIAM.SninE. 

Nortiiamptox. 


Rkofori). 

Wis 

Oft 

10 

1870 . 

GAMimiDfiE, 


Height of 
Rain-gauge 
above 

Ground 

Sea-level 

IlighWycoinb. 

Altliorpe 

H0U.S0. 

Welling- 

borough. 

Oft.;{ ill. 

C’ardington. 

, Oft. 0 ill. 
KKi ft 

jech. 

() 111. 
ft. 

1871 . 

Out well 
Sluice. 

0 ft. 0 in. 

.‘3 ft. 
oJ( 

4 in. 
Ift, 

1871 . 

4 ft. Oin. 

IP. ft- 


1870 . 

1 

1871 . 

1870 . 

1870 . 

1871 . 

1870 

1871 . 

1870 . 

1871 . 


in. 

in. ! 

in. 

in. 

in. 

in. > 

in 

in. 

in. 

in. 

in. 

in. 

January 

1-50 

1-501! 1-24 

I-I4 

ri2 

lOI 

•70 

■90, 

•97 

•«7 

1-27 

•46 

February ... 

2-22 

l-io 1 

1-84 

1-09 

1-27 

1-25 

1*05 

no 

roi 

2-07 

•47 

*’39 

March 

1-71 

i-i 3 i 

•96 

.•.9 

I 00 

131 

r6o 

1-31' 

I -09 

1-15 

•69 

*52 

April 

•29 

2 * 94 ! 

•53 

2-44 

•63 

245 

i •50 

2 00 

; ’75 

3‘07 

*54 

2*86 

May 

*93 

•28 j 

•63 

•64 

•65 

•54 

•65 

1-20 

1 *69 

'74 

*43 

•73 

Juno 

*43 

2*50 

•81 

3‘94 

•90 

3‘*7 

i-oo 

3-25 

2-47 

4-Ti 

1*90 

4*00 

July 

•86 

2-72 

1-65 

4‘*7 

2-17 

3 80 

1 i-6o 

3*25 

2*04 

3’52 

3*29 

1-89 

August 

1-87 

•81 

2-17 

*79 

2-i6 

* 5 * 

1 1-50 

'60 

1-46 

*’35 

*•4* 

*47 

September ... 

2*17 

5*10 

no 

4-04 

•83 

3*47 

1 *80 

4-9^ 

1*96 

3*92 

1-15 

3-21 

October 

3*03 

1-03 

3 ‘i 4 

1-28 

3 'R 7 

*97 

! 2-62 

•84 

1 3-28 

*’35 

2*37 

rc4 

November ... 

1-23 

•62 

1-27 

•82 

1-09 

•81 

1 rco 

1-00 

! 1*38 

*’39 

•86 

*’*3 

December .. 

2-57 

1-21 

1-87 

•89 

2-32 

•88 

1 2*85 

■8s 

i 3*39 

1-28 

2*23 

•67 

Totals 

i8-8i 

20*94 

j 17-21 

22-43 

17'21 

20-17 

1 M'S? 

ivio 

j 20-49 

24-82 

i6*6i 

18-37 
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ENGLAiXl). 


I Division II. — gouxu- 


1 Eastern Counties 


j 

)iviBion III,- 

—South Midland Counties. 

! 

1 

(continued). 











j 

^ II\M1‘SHIUE 

1 Bf.UKSIIIUE. 



iKIlTFOUnslUKF. 




OxFORDSlrtRE. 

i 

{continmd). 

1 











!, 

Aldershot. 

Long 

Wittenhani. 

Bcrkliamp- 

sto;id. 

Eoy.slon. 

Jlilehln. 

Ihul.-liffe 

(ibsiTvatory, 

ij 

Banbury. 1' 




_ J 







Oxford. 


li 

i 

0 ft. 0 in. ! 

1 ft. 0 in. 

1 ft. (1 in. 

0 ft. 0 in. 

Iff. 

4 in 

Oft. 

8 in. 

7 ft. 0 in. 1: 

316 ft. : 

170ft. 

870 ft. 

ft. 

2;i8 ft. 

:i07 

ft 

HoOft. 1 

1870. 

1871. ‘ 

187(1. 

1871. 

1870. 

1871. 

1870. 

1871. 

1871). 

1871. 

1871). 

1871. 

1870. 

1871. ' 

in. 

in. 1 

in. 

in. 

in. 

in. 

in. 

in. 

111. 

in 

,n. 1 

111. 

in 

in. ' 

175 

.•,7' 

170 

*•47 

I 60 

I 80 

■8. 

6‘» 

1-17 

I 17 

ri6 

MI 

1*33 

113 

2*58 

**33. 

1*82 

1 16 

2*82 

**5S 

rco 

*■30 

1*36 

r2c 

1*91 1 

97 

2*44 

1*20 1 

378 

1-38 

**47 

rz6 

2 00 

i-6i 

2 00 

I 32 

1-82 

r4c 

1-65 

*95 

149 

••33 !' 

•34- 

3 *i 8 

•63 

2'Oq 

•4'T 

289 

*38 

2* 18 

*43, 

2-14 

*33 

2*61 

*66 

2*65! 

1*25 

•52 

•95 

*76 

ri? 

VIZ 

•74 

•97 

*85 

•9: 

103, 

■43 

1*17 

•98 1 

•35 

3*66 

70 

2‘6i 

•8’{ 

3*45 

117 

292 

•79 

2-43 

•66, 

3-17 

‘75 

3*99: 

*53 

3*51 

•73 

4* 18 

1-66 

3*32 

148 

2 IC 

1 20 

3*67 

•89' 

r 7 ^ 

1*09 

4*07! 

1*58 

167 

3’oj 

70 

301 

84 

I 58 

43 

123 

•62 

2-3; 

'SO 

•73 

•75, 

rii 

4' 14 

’77 

4-26 

221 

528 

I 50 

4*90 

1*55 

4*40 

1 32; 

4*66 

••33 

5’4* ; 

3*68 

174 

2*95 

176 

4-58 

ri4 

2 73 

*52 

3*47 

•81 

291 ; 

1*19 

384 

1*20 ; 

rSo 

’49 

ri4 

•48 

1 56 

*76 


•88 

1*29 

*93 

1*15 

•70 

1*90 

•Soi 

3-18 

I ’80 

r62 

* 43 

3c6 

I *60 

2*71 

•88 

2*6u 

* »5 

2 00 ' 

1*07 

2*20 


i ii'94 

*5'S9 

16-88 

2172 

25*01 

25*36! 17 16 

■ I9'07 

' *7*76 1 

20'84 

' 17*56' 

21*14 

i •9'93 

1 *4'*° s 


Division IV. — EAsrKPv CorNTir.'?, 

K^^KX, SrFFOLK. 


Theiremnalls. 

Dorward's 

Epping. 

Hull, Witliam 

Oft 8 in. 

Ifi. 

0 111 . 

.'145 ft. 

.>l>Oft. 

1870 . 

1871 . 

1870 . 

1 S 71 . 

in. 

in. 

in. 

in. 

1*65 

1*78 

1*82 

*•55 

1*24 

1*70 

‘97 

129 

*’59 

r 6 i 

1*83 

•48 

1*40 

*30 

275 

1*94 

1*22 

*72 

•56 

ri4 

•63 

3-50 

•28 

2*26 

•88 

2 67 

1*15 

2 68 

1*66 

•83 

2*75 

*99 

2*54 

4*60 

**93 

3*6i 

3*65 

ri6 i 

1*94 

*98 

*’34 

•65 

**30 

•25 

3 ’i» 

1*82 

2*76 

1*64 

19*82 

*379 

1877 

1 

; 10*77 


T) unmow. 


I’ockiiif;. 

IJraiutroj^. 


Aslulon 

Kivlory. 


! Culford, 

(li•unlli^burgh I Bury St. 'j 
; Edmund’s. |j 


Oft 

0 in. 

.•Ift. 

(> in. 

1 ft. 

0 111 

0 ft. 

0 in. 


•JOOft. 

."OOft. 



1870 . 

1871 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1 . 871 . 

in. 

111. 

.n. 

in. 

Ill 

in. 

Ill, 

in. 

•98 

1*40 

1*07 

*■71 

*85 

*74 

roi 

1 22 

7 S 

*■53 

•83 

1*76 

1*87 

vj : : 

•76 

2*11 

1*68 

1-20 

213 

rii 

1-78 

no 

I ‘96 

’97 

*40 

260 

*33 

2-65 

•51 

2 ' 3 : 

•61 

361 

•83 

1*07 

*90 

*47 

*49 

•6S 

*75 

■59 

'49 

1*34 

•61 

1*54 

•90 

2-89 

•421 

2'SI 

*99 

2*90 

1*33 

3*5 

1*22 

3 ‘ 53 , 

1 36 

2 <’7 

1*68 

•65 

! 2**7 

•92 

1-70 

*53 

1*76 

•65 

i’ 3 > 

i 4 ’ 4 i 

i 1*55 

4*53 

*‘39 

4 * 4 - 1 

*•49 

3’:4 

2’8o j 

1*26 

; 3 ' 47 | 

i 

27s 

1*24,, 

316 

i -63 

rco 1 

•76 

•831 

1 *89 

•90 

•8.|, 

■63 

1*85 

3 ‘io 

1 *’531 

3 ’ 77 | 

I * 7 * 

2*90 1 

** 33 ,; 

37 * 

ro 6 

17*11 1 

21*66 

1 

i8*99 

22*73 

17*27 

21*46 j; 


j 1 * 7 * 
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REPORT — 1872. 


ENGLAND. 


Division lY. — Eastern Counties {continued). 

Division Y. — 
South-Western 
Counties. 

• 



Norfolk. 





Wilts. 


Gcldeston, 

Cossey, 

Egmere, 


Wilton, 

Marlborough 

Rain-gauge 

Beccles. 

Norwich. 

Fakenham. 


Salisbury. 

College. 

above 













Ground 

1 ft. 0 in. 

1 ft. 0 in. 

4 ft. 8 ill. 

0 ft. 0 in. 

Oft 

f) in. 

0 ft. 0 in. 

Sea-level 

40 ft. 



loOft. 

80 ft 

V ) i ) ft 

4 f)() ft. 


1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 , 

1870 . 

1871 . 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

January 

ro8 

’95 

I‘ 2 I 

73 

I 26 

■43 

*80 

■50 

2‘35 

2-89 

1*87 

2*92 

February . . . 

’6i 

1-59 

•80 

1-88 

•84 

1-63 

1*00 

1*50 

3*40 

r8i 

2*48 

1*50 

March 

1-48 

1*09 

i ’54 

•96 

1-96 

•91 

1-63 

•68 

1*89 

i-6i 

2*o6 

1*35 

April 

•61 

3 ’i 3 

•88 

3*12 

•91 

2*99 

■95 

3’05 

■44 

4-58 

•54 

yh 

May 

75 

1*47 

•6, 

1*03 

*66 

1-36 

•45 

1*50 

1*21 

*72 

2*14 

I-I7 

June 

I '08 

^•55 

VIZ 

3 ' 5 o 

1*90 

3-30 

1*65 

2-13 

■40 

1-98 

•35 

2*98 

July 

a '35 

i*8o 

1*91 

2*79 

2*03 

3’^3 

1*36 

3-10 

1 * 3 ^ 

4*93 

1*73 

4*33 

August 

2*i6 

•91 

2*i8 

*62 

2*73 

’ 5 * 

2*20 

•60 

1-98 

2-04 

I 91 

116 

September ... 

ns 

4*04 

r6i 

3 ’ 9 ‘ 

>■33 

4*56 

1*05 

4*45 

1*39 

474 

1*26 

6*22 

October 

3'o8 

1*12 

3'*5 

1*65 

4*10 

I 71 

3 60 

170 

562 

2-77 

4’ 54 

1-86 

November ... 

77 

2*50 

1*43 

2*55 

190 

2*26 

1*95 

1*95 

2*70 

■67 

2*02 

•66 

December ... 

3‘95 

I -03 


1*28 

4 79 

1*68 

4*10 

ri2 

"-•55 

2-92 

2*51 

00 

Totals 

19*27 

22*1 8 

1 21*29 

1 

24*02 

24*41 

24*47 20*74 

22-28 

25-25 

31-66 

1 23 ‘ 4 ‘ 

30-46 


Division Y. — South- Wkstki^x Couxtiks (i'oniinuol). 


]) E VO x.s (HR i: (con tin ucil). 


Ilcight of 
Rain-gauge 
above 

Ground 

Sea-level 

Landscore, 

Teignmouth. 

Rroadliem- 

bury, 

Iloniton. 

Cove, 

Tiverton. 

0 ft 4 in. 
’MOO ft 

Ca. 4 lc Hill, 

8. iMoItou. 

8 ft 5 in. 
?L\KJ (t. 

Clreat 

Tori'iiigtoii. 

Barn.^ 

taplc. j 

0 in. ' 
ft. j 

0 ft. C in. 
200 ft. 

1 ft 0 in. 
400 ft 

1 ft. 1 in. 
ft. 

1870 . 1871 . 

Oft 

31 

1870 . 

1871 . 

1870 . 

1871 . 

1870 , 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 


in. 

in. 

in. 

in. 

in. 

hi. 

ill. 

in. 

in. in. 

in. 

in. 

January 

2*06 

2*69 

2*o8 

2-96 

2*92 

4-40 

2*99 

4*20 

2 96 j 2 93 

3**9 

378 

February . . . 

3*12 

2*39 

2*74 

1*96 

3 'i 9 

^’53 

2*48 

3 08 

1*85 2*85 

1*89 

2*68 

March 

2*53 

2-88 

1*91 

I 06 

2-47 


1*62 

2-20 

1*95 2-20 

1*74 

J '74 ' 

April 

•35 

471 

•56 

5*09 

•21 

4*36 

•49 

3*6o 

*22 3-66 

•58 

3-^3 

May 

1*43 

•31 

1-27 

•55 

2’39 

’34 

2*36 

’33 

2j6j ‘73 

1-63 1 

‘96 

June 

•10 

1-87 

■j8 

2*93 

•28 

2^64 

1*49 

2*1 1 

■64! 2-95 

1 ’ 9 ^ 

2^*43 j 

Julj 

•?4 

3*79 

•64 

4'98 

'47 

477 

2*00 

6*3 1 

i*ji ' 4 85 

1*17 

6*01 ,'i 

August 

•65 

1*41 

1*05 

i ’53 

1*62 

I 13 

2-44 

1*00 

*' 59 ; ** 4 i 

**35 

*•75 J 

September ... 

i ‘39 

7*07 

i'8o 

5’32 

2*05 

6*49 

2*59 

4’55 

2-23 j 5-09 

2-04 1 

4*37 11 

October 

3*25 

3*32 

5*o8 

3-69 

8*6o 

485 

9*71 

4*14 

9-03 ! 6-26 

8-50! 

6*12 i 

November ... 

2*48 

3*44 

2*;i 

1-50 

3*28 

2-14 

2*43 

2*42 

4*30; 1*51 

3*36 

*■79 : 

December ... 

3 ' 4 a 

2*69 

2*46 

2'8i 

2’3I 

i 

2*52 

2*86 

r96, 3-34 j 

2*42 

^’54 

Totals 

21*62 

36*57 

22*48 

34 ' 3 * 

29*89 

39'7i 

33’12 

36*80 

1 ! 

30*00 1 37*79 1 

28-79 

38*00 1 
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ENGLAND. 


Division V.*— South-Western Counties { conthiwd ). 


DorsT':t. ,j Devovsiiire. » 


1 : 

' Ohippenhani, 

1 Tyllicrton. 

Blamlford. 

Dorclicslor. 

Bridport. 

Stilt ram 1 
Gardens, j 

Totnc?s. 1 

1 

Dartmoor 

Resorvoir. 

m. 2 

in. 

1 ft.f 

in. 

0 fl. 

() in. 

0 a. 8 

ill. 

0 ft . : 

in. 

1 ft. 0 in. 1 

Oft. 2 

in 1 

loOft. 



2 r )0 ft. 

()0 f 

. 

Of) ft. 

1 *J 0 ft. j 

uoijft. 1 

1 «V 0 . j 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . ' 

1871 . 

1870 . 

1871 . 

1870 . 

Wl-i 

ill. 

in. 1 

in. 1 

in. 

in. 

in. 

in. . 

in. 

in. ' 

in. 

in. 

in. 

in. ' 

111 . 

I 1 - 85 ! 

r 84 

i ’75 

3 07 

2-41 

3‘99 

I 74 

2*99 

3‘90 

4-10 

390 

463 

5 ' 47 i 

5-37 

1 i' 57 l 

ro6 

40^': 

2 -C'’ 

2-90 

204 

223 

2-26 

3 90' 

2 78 

4 57 

3'35 

5-67 

623 

1 - 31 ; 

ri 7 

177 

2 90 

2 -00 

2-58 

1-93 1 

177 

3 00 

2 20 

5 31 

2-46 

5-09 

3 0.1 

1 *451 

3*^3 

*29 ; 

4 81 

•58 

5-86 

•53! 

4<;6 

'50, 

6 3S 

•34 

5-56 

■77 

999 

! *’44 

i‘4i 

1-21 1 

•84 

1-67 

I-I5 

1-44 

'99 

1 84 ; 

•18 

2-40 ' 

•27 

3’76 

54 

1 ’56 

3‘26 

•35 1 

2-96 

•40 

3 ’J 7 

•761 

2*04 

•25 

211 

•25 

2 65 

,•07; 

4-43 

•92 

4‘o6 

129' 

4 37 

•85 

4 ” 

•66 

396 

I 35 

6 86 

I 20 

6-07 

277! 

M -47 

, 1721 

1 26 

! ^'* 3 , 

1 69 

i’6o 

1-91 

•82! 

•80 

3’05 

2 50 

1-44 

1-64 

2-58 

3-16 


5'68 

1-33 

4*63 

1*96 

5'6o 

, *991 

4-50 

2 00 

444 

2‘10 

862 

2 - 79 ' 

8-i8 

! 3 ' 5 "-! 

1-37 

1 5 ' 3*1 

2*89 

4‘55 

1 509 

, 3 Si| 

2-75 

4’*5 

9-1 1 

6 36 

5 5 ’^ 

9-27 1 

8-cS 

1*62 

’59 

2 60 ; 

1-46 


j 2-02 

1 1 86 • 

129 

4 20 


3 39 

2 39 

394 , 

193 

2’01 ' 

2 00 

' 303' 

2-59 

4*26 

1 a ’97 

! 3 '* 4 : 

1*53 

3 » 7 | 

470 

3 7 » 1 

527 

3 77 ' 

6 9(1 

lS'14 

26-93 

25*1 1 1 

34 'i 3 

25-66 

! 40'49 

! 3* 1 

30-84 

3 J’ 3 »; 

4688 

32-97 

48*41 

^ • 
vb 
^ . 

69-38 


Division V. — Sorni-WESTiniN CouNrins (cant nut kJ). 


Cornwall. 


ITolstonc. 

Penzance. 1 

1 

1 

Teliidy Park. 
Redruth. ! 

Truro, Royal 
Institution. ,( 

Bodmin, 
JaMlo Slrivt. 

Treharrock , 

1 1 oii.'’e, ; 

Wadebridire. 

Altaniiim 

T) a. 0 in. 

ai't.o 

in. i 

on. 

Oin. 1 

40 ft 0 in. 1 

2ft. Oin. 

2 ft Oni. 

Oft. loin. 

1 10 ft. 

01 ft. 1 

UK) ft. 1 

:g ft 

j 

o .‘18 ft. 

otto ft. : 

7)70 ft. 

1870 . j 

1871 . 

1870 . , 

1871 . 

1870 . 

1871 .' 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 

1871 . 

in. 1 

in. 

in. 1 

in. 

in. 

in. 

in. 1 

111 . 

in. 

in. 

in. 

in. ' 

in. 

in. 

2-46 j 

4’95 

2-77 

5'96 

4-85 

3-30' 

3*9 

4-29 

4*1 6 ■ 

4-82 

3-i8 

2 08 1 

5-19' 

5*64 

2771 

1-67 

3'53 

2-24 

4*50 

3-10 

.3 6 i| 

2-19 

537 

3 66 

2 ' 73 , 

* 53 1 

6-14 

4**3 

2*76 i 

1-14 

3 ‘ 3 > 

153 

3-50 

I'CO 

2 ’ 45 ! 

* 57 

2-79 

rSo 

2*02 

I’l I : 

3 - 8 *, 

2-99 

•20 i 

487 

-10 

4*47 

*45 

380 

•j 8 | 

4-14 

•30 

5-64 

22 ' 

3 ' 5 ^ 

*331 

642 

1-44' 

•90 

1-72 

*37 

•32 

I 60 

1-72 1 

'55 

2 67 

•46 

r()i) , 

I'i 

377 . 

•71 

•66 i 

1-Z5 

•43 ' 

1-20 

•50 

1-90 

■32 

1 19 

Sy 

2 67, 

*20 

•81 1 

*53 

3**7 

1 91 ! 

52s 

, 1-76 

5 34 

roc 

5*5 

1*49 

524 

2 10 

5-67 

1-2.S ' 

477 

2 -o 8 

7-07 

2’IZ 

•’35 

2-00 ‘ 

1-94 

4-30 

2-37 

2-13 

1-85 

3 94 

250 

* 4 * ^ 

rio , 

3*47 

2-64 

1-23; 

8-27 

1-69 

7 9 ^’ 

2-00 i O'oo 

**49 : 

8-50 

2 141 

S25 

i 68 

5’94 

257 

7-84 

4-78 

5 ’ 3 i? 

6 02 

636 

6-1 1 

1 .V90 

5 79 ' 

5**9 

7-561 

7‘39 

4 *** ; 

524, 

*0-55, 

8-56 

469 

341 

5-11 : 

3*5 

4-87 

1 3-30 

4 ** 3 ; 

228 

423, 

*77 

2*52 

1 1-16, 

5 * 2 *; 

**94 

, 2-64 

3 16 

3 ’ 2 * 

4'»9 

36c 

350 

2-81! 

1 

2*86 ; 

3 5^1 

4'49 

215I 


3^41 

5**3 

' 27-66 

41*60 

3165 

447 * 

37-00 

i 39 ’ 9 » 

29*43 j 

3985 ; 

3973 ' 

1 49**2 

23-16 

30 16 

4779 ; 

56*24 


1872 .' 


r 



REPORT — 1872. 


ENGLAND. 


Division V. — South-Western Counties {conlinufd). 


Division YI. — AYest 
Mtulani) Counties. 


Gloucester. 


FullancVa 

Height of School, 
Rain-gauge Tamil oii. 

above 

Ground 0 ft. .") in. 

Sea-level 1 ft. 0 m. 


January 

Fcbruaiy ... 

March 

April 

May 

Juno 

July 

August 

September ... 

October 

November ... 
December ... 


ri7j 2-65 
3-901 2-95 


Ilcbester. 

2 R. 0 in. 

41 ) ft. 

1870 . 

1871 . 

in. 

ill. 

1-85 

3*19 

2-09 

I ‘45 

ro6 

1*40 

•41 

4‘34 

•70 

-80 

1-06 

1*34 

2-7(3 

4 52 

1-67 

2-12 

1*17 

4’94 

4-01 

2-68 

2-68 

•98 

2-09 

2*54 

21-75] 

3330 


Sberborno 
Rc.servoir, 
Fast Ilarptree. 

]Jatben.slon 

Reservoir. 

cur 

1 ft. Oin. 
y ;}8 ft. 

1870 1 1871. 

2 ft. 0 in. 
22 {) ft. 

1870 I 1871. 

oft. 

101 

1870 

ill. 

in. 

in. 

in. 

in. 

4‘39 

2-96 

1-85 

1-90 

2-48 

2-88 

2-58 

165 

1 20 

1-40 

2-60 

2 59 

113 

1-20 

1-58 

•«7 

5 59 

-Sr 

2-65 

■57 

2-77 

1-02 

1-70 

no 

1*54 

-87 

2-48 

•70 

2-40 

-62 

2*2 1 

6 21 

•87 

4-70 

147 

1-98 

2 15 

•95 

-80 

2 CO 

1-52 

5*67 

■80 

4-65 

1-77 

9-6+ 

3*54 

445 

I 65 

5*33 

1-9S 

1-48 

1*75 

•62 

2 74 1 

2 67 
ll 

4*25 

1-50 

2‘20 

1*93 1 

33 35 ] 

40*52 

1 17'S5'’ 

25-07 

»3'+3 


Cirencester. 


1 ft. 2 in. 
4 l>() ft. 


1 S 71 . 


1- 8i [ 4*31 

2 - 741 


Division YI.— West MroLANi) Counties 
{contbi ved). 


Worcester { continued ). 


Height of 
Rain gauge 
alx)ve 

Ground 

Sea-level 


Orletoii, 

Tenbury. 

Oft.tlin. 

2tK)ft.? 


1870 . 1871 . 


I Warwick. 

1 

Arden House, 


j Henley-in- 

Birmingham. 

1 Arden. 


2 fl. 0 in. 

Oft. 10 in. 

400 ft. ? 

SlOft. 

1870. j 1871. 

1870. j 1871. 


Division YIT.— North Midland 
Countii:h. 

Luirr.^Tr.R. 


0 ft. 0 in. 
220 ft. 


January 

February ... 

March 

April 

May 

June 

July 

August 

September ... 

October 

November ... 
December .. 



24-17 30*99 *9*H 29-34 23-65 30-62 i8-2 



Tliornton 

Rcrtorvoir. 

2 ft. 8 in. 
420 ft. 


Hoi voir Castle. ! 


1 fl. 0 in, 

2:17 ft. 


1871.1 1870. 1871. 


26-10 19*28 23-54 
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ENGLAND. 




Dhision VI.- 

-West Midland Counties (continued). 




0 LOU CUSTER 
{confhuicd). 

Hereford, i 

SllROP.SniHE. 

1 Worcester. 

Quedgelcy. 

Stretton 

Ri^ctory, 

Hereford. 

Ilaugliton 

Hull. 

Shifnull. 

Hengood, 

O.S’weHtry. 

1 Northwick 

1 Park. 

We.st Malvern. 

Bromsgrove. 

0 ft. ID in. 

1 ft. 

Oin. 

0(1 

f) m. 

6 ft. Oin. 

' 1 ft . 0 in. 

1 ft. t) in. 

4 (L 4 in. 

W ft. 

108 ft. 1 


470 ft. 

; 




8.')0fi. 

t> 7:3 ft. 

1870 . 

1871 . 

1870. 

1871 ; 

1870 

1871 . 

1870 

1871 . 

: 1870 . i 

1871 . 

1870 . 1 

1871 . 

1870 . 1 

1871 . 

in. 

in. 

i in. 

-- 

in 

in. 

in. 

in. 

in. 

in. 1 

in. 

in. 

in. 

in. 

in. 

»73 

1-44 

1 r6o 

2*53' 

1-50 

1*78 

3*33 

271 

. 1-67 1 

2 0^ 

, * 65: 

251 

’■ 5 * 

1*27 

1-28 

170 

1 2 06 

^ 35 

176 

1*62 

2 63 

3*6o 

■ -gi ! 

1 18 

2*48 1 

1 06 

1*98 

1*77 

•■57 

1-50 

' I 57 

1-28 

1 54 

*84 

3*28 

2-14 

, * 77' 

131 

I 69 ' 

1*51 

, 1*49 

1*01 

1 ‘75 

2'8o 

: 

2M2 

1 * 5-9 

2*92 

i-i8 

li*cs 

275 

95 

3 33 

*66 

3 7 ^ 

i 

2*12 

i **44 

V ]0 

i rc8 

•95 

;(> 

2*31 

1 80 

1-31 

74 

, ' 9 ^, 

1 11 

1 '90 

1*95 

i -68 

273 

*21 

372 

■54 

i' 3 'i ' 5 + 

320 

74 

3‘34 

1 C.7 , 

633 

■99 

2*88 

: *‘30 

4*34 

rc2 

3''4 

104 

3*46 

* 5 ^- 

46- 

. J-: 4 ' 

341 

113 

3 5 ^ 

: * 

4*30 

i 1*13 

I 42 

1 *40 

1 77 

2*92 

1*49 

1*70 

1*94 

3 CC' 

I ^14 

1 "4 

1*66 

1 a 40 

*68 

1 I -62 

5 * 5 ^ 

1 -86 

6-43 

I ’ 7 ^^ 

5^7 

' «*93 

5 ■''9 

i 82 

6 87 

1*19 

7 53 

•84 

608 

i 2'S8 

2'2S 

i 396 

340 

i 4'47 

2*98 1 7 26 

5‘9 

338; 

1C4 

, 3 99 

I 64 

1 445 

1*89 

275 

•56 

■ 178 

■95 

i 175 

; 

I 4 'o^ 

i*n 

2 * 54 , 

86 

3 ^'^ 

1*24 

; 1*78 

•42 

, 2*02 

2*40 

, ‘'67 

> 53 



! 271 

1*90 

253 i 

1 86 

1 1 8S 

1*92 

1*96 

124 

1915 

» 7 ' 9 * 

1 1677 

29 17 

21*48 2606 

31 26 

36 00 

1 2r76j 

27*63' 21*40 1 

33 * 7 * 

j 20 61 

25 61 


Division YTL— North ^^riDUNi) CorNTirs (miihivcl). 


Lincoln. 1 Nottisoiiam. 


1 


Lincoln. 

Market Rasen. 

Gainsborougli. 

Brigg. ; Orirasbv. ■N'l'W llollnml. 

i ‘ 1 i 

Welbeok. 

.3 ft 0 in. 

Oft. Oin. 

3 ft. 0 in. 

3 ft Oin. ; ir.ft.Oin. 

3 ft 

0 in. 1 

4 ft. 0 in. 

21; ft. 

100 ft. 

70 It. 

10 ft. : 42 ft. 

18 ft. 

80 ft 

1870 . 

1871 . 


1871 . 

1 S 70 . 

1871 

187 t) 

1871 .; 1870 . 

1871 . 

1870 . 

1871 . 

I5S70. 

1871 . 

in. 

in. 

in. 

in. 

in. 

ill. 

in. 

in. 1 in. 

in. 

m. 

in. 

in. ' 

in. 

■94 

•42 

1*35 

•70 

1*30 

'37 

1*10 

•66 1 *79 

1*23 

ri2 

*78 

*'45 

•98 

•39 

1*23 

1 72 

1*95 

102 

i*c4 

2*41 

1-79' 123 

1*44 

1 63 


1*62 

1*41 

1*20 

•50 

*■54 

•88 

61 

*31 

2*17 

’^’ 5 , *'53 

*77 

1*99 

*81 

2*20 

•93 

•48 

2*90 

*68 

3 06 

•55 

4*77 

'44 

2911 *73 

2*74 

•43 

3'07 

•66 

3 '05 

*82 

*63 

■63 

1*25 

•76 

•44 

'59 

*75: '59 

rS 5 

■94 

1*03 

‘95 

*•73 

175 

2*21 

1-88 

3*40 

1*38 

3*35 

2*48 

2*37 j 1*80 

2*11 

3'33 

3*6i 

1*89 

3 * 7 * 

■9c 

2*98 

•90 

3*00 

1*05 

2*94 

68 

2 - 73 1 '30 

3*26 

•76 

3-05 

' *60 

3*21 

1*19 

‘55 

1*87 

1 C3 

1*56 

j*C 4 

I '74 

176 1*68 

*'37 

1*64 

1*07 

*'«3 

*98 

1*00 

483 

1*21 

4*56 

1*22 

4*68 

1*46 

5-87 ; 1*03 

4 c6 

*'*3 

5'5>7 

1 1*21 

5 * 3 * 

3*9^ 

•70 

9*58 

•43 

5*J5 

i-i6 

6*73 

*'03 i 5 ' 37 | 

i '35 

6*15 

1*02 

5*58 

1*78 

1*56 

1*20 

1*91 

1*77 

‘ 53 ' 

1*09 

1*42 

1 ri6, 2*15; 

*'39 

! 1*12 

1 

1 ’'*5 

1 1*8 1 


2*14 

*97 

1*99 

1*62 

1*31 

118 

2*84 

129^ 2*90! 

1*41 

1 3*43 


1 2*48 

1 *‘57 

16*29 

19*12 

25*26 

23*15 

16-44 

22*37 

24*06 

24*17 1 20*10 

22*68 

1 ^3 ^’7 

H'56 

21*58 

1 *5*4» 
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Division Til. — North Mide\nd Cototies (continued). 


Di-uinY. 


Biv. VIII. — NoKTjf- 
Wehtetin Counties. 


Cheshire. 


1 

1 

Height of 
Kain-gauge 
above 

Derby. 

Chc.stopficld. 

Combs Mos.8. 

Chapel-en-le- 

Fritb. 

Macclc^fieUl. 

Cholmondclly 1 
(’’a.^tle, ' 

Nantwieh. j 

Ground 

G ft. 0 in. 

.‘1 ft. G in. 

3 ft. G in. 

3 ft. () in. 

3 ft. G in. 

1 ft. () in. I' 

Sea-level 

180 ft. 

248 ft. 

KiGO ft. 

OG.' 

ift. 

530 ft. 

4 ‘J ft. 


1870 . 

1871 . 

j 1870 . 

1 1871 . 

1870 . j 

1871. 1 

1870 . 

1871 . 

1870 . 

1871 . 

1870. 

1871 . ' 


in. 

in. 

1 in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

January 

1*43 

•82 

! I ‘99 

1 111 

392 

159 

3’94 

i ‘55 

1*64 

•77 

173 

*‘55 

February ... 

I'og 

i‘ 5 ij 

i 1 84 

1 i ‘94 

3-08 

3^3 

2-42 

3 ‘S 4 

•89 

1*95 

1*22 

2*54 

Maivh 

1*47 

1151 

2*25 

i‘i8 

3‘95 

1 75 

3*24 

146 

1*85 

•76 

2*52 

1*58 ' 

April 

75 

3 7 i! 

1 -25 

1 2-25 

1-85 

6*29 

i ‘57 

470 

1*78 

2 84 

1*72 

2*68 

May 

1 7^ 

r6.S 

I '22 

r4o 1 

1-971 

440 

2 03 1 

3*23 

73 

2*86 

} i‘ 3 » 

1*52 

June 

1*23 

4‘i6 

•98 

423 

i*8i 

4 00 


485 

i ‘93 

3 ‘ 97 ] 

! 1‘70 

3*18 

July 

79 

4-68 

*^ 3 , 

3‘39 

2S3 

4‘86 


4 53 

2*02 

578 

, 1*50 

5'49 

August 

ri5 

i '35 

•66 1 

1 19 

1*81 

291 

■•57 1 

2 '45 

2*o6 

1*93 

*•54! 

1 * 29 , 

September ... 

ri3 

4-92 

1*041 

4*8o 

3 26 

6 67 

r” , 

475 

2*62 

4-58 

! 2'2I i 

4*90 

October 

4 ' 9 i 

2*37 

5581 

2*91 

9-92 j 

4*93 

in I , 

0*03 

5*67 

5*92 

5*44 

3‘97 

November ... 

1 99 

I '05 

i' 9 ? 

•« 5 j 

2 76 

i ‘93 

2*82 1 

1*73 

•84 

2 ' 47 , 

2-46 

*•34 

December ... 

2’07 

j 1*^9 

2-41 

1-30 1 

3’o8 

1 3‘53 

2*62 i 

2*83 

r8o 

2 ‘ 5 I| 

2*86 

1*69 

Totals 

1873 

2870 1 

21*00 1 

26*56 1 40*24 

4- 

c\ 

37 * 9 '^' 

4»‘55 

23-83 

36741 

26*21 

3*73 i 


Division VIII.— N’orth- Western 
Counties (continued). 


Division IX.— 

-YoRicsniuE. 


"i 

stone. 

G in. 
ft. ; 

L.VNCAsniRB (continued). 



York.— W r.sr Ridino. 


ITuigbt of 
Rain-gauge 
above 

Ground 

Sca-level 

Ciiton, 

Lancaster. 

Holkor, 

Cartmel. 

Brooinball 

Tark, 

Slicffield. 

R.'di 

Slid 

nire.-^, 

field. 

Oiii. 

Oft. 

Tickliill. 

I’eni 

0 ft. 
1 X 1 

1 ft. Gin. 
120 ft. 

4 ft. 8 in. 
15.5 ft. 

2 ft. 0 in, 
GIO ft. 

4 ft. 
lit 

2 a 0 in. 

G 1 it. 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 

1870 . 

1871 . 

1870 . 

1871 . i 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 1 

January 

3-96 

*■95 

4‘34 

2*13 

2*82 

1*21 

3-63 

1*25 

1*21 

•96 

3 ‘ 5 i 

1 * 74 ; 

Fi'bruury . , 

2*64 

4‘45 

2 16 

4 37 

1*85 

2*10 

2*87 

3 '^iJ 

1*37 

* 54 

2*15 

2*76 j 

Alaroh 

2*56 

1*89 

2*28 

2*23 

2*19 

1*26 

2*71 

1*38 

2*13 

*83 

2*21 

1*42] 

April 

1*76 

2*97 

j*6o 

379 

•66 

3*12 

rig 

4‘74 

‘47 

2*77 

•88 

3*07; 

May 

2*51 

178 

2-79 

1*81 

•94 

1*42 

rig 

177 

‘58 

*■85 

1*62 

1*31 ' 

June 

2*12 

2*44 

1*88 

2*25 

1*27 

4*63 

1*69 

3*8i 

2*08 

4*23 

1*93 

4*42! 

July 

2*02 

5‘97 

1*56 

4-93 

■97 

3*o8 

i*i8 

3 ‘ 4 a 

78 

3-63 

‘55 

2*63 1 

AilglLSt 

2*27 

*‘95 

1*97 

3*19 

•86 

1*65 

1*47 

2*06 

•97 

*‘S 9 

•98 

1*83' 

Sc])tciTiber ... 

3*39 

3-96 

3'65 

378 

1*63 

6*40 

2*38 

6*09 

•68 

5 ‘i 3 

2*66 

6 * 34 ' 

October 

9*86 

614 

11*30 

6*36 

787 

2*74 

9*67 

3*30 

5*71 

1*51 

8*66 

3 ‘* 3 ) 

Novcnib.'r ... 

3*02 

i' 3 i 

3‘07 

2*36 

1-91 

1*52 

I'll 

1*86 

1*73 

*89 

2*26 

*‘ 5*1 

December ... 

3-56 

4*28 

2*64 

52T 

303 

1*50 


2*03 

2*97 

1*41 

2*14 

*‘39 1 

Totals 

39‘67 

39‘59 

39 ‘H 

42*41 

2601 

30-63 

33'46 

34-82 

20*68 

26*44 

19-56 

3 *‘ 55 j 
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Division A'lir. — XoKnt-AYESTKKX (Jouxties {vonthiucd). 


Lavcasiiire. 


Manchester. 

^^'atcl•llou 3 C.^. 

Bolton-le- 

Moors. 

Ilutford, ' 
Ormskirk. 1 

1 

llowick 

House, 

IVivston. 

South Shore, | 
Blackpool. 1 

1 

81011^11111-^. 

2 ft. 

7 in. 

on. 

ii in. 

;3 ft. 

i in. 

0 ft. 8 111. 1 

Oft 

(> in. 

1 ft. 8 ill. ; 

Ott. 

8 in. ! 

100 ft. 


ft. 


;.wfi. 1 

70 

ft. 

-jft. 1 

;370 ft. 

1870 . 

1 S 7 J. 

1 H 7 () 

LS 71 

1 S 70 . 

1 .S 71 . 

1 S 70 . , 

1 S 71 . 

1 H 70 . 

1871 . 

1 ,S 70 ., 

1871 . i 

1870 . 

1871 . 

. 

111. 

in. 

in. 

in. 

in. 

in. 

in. 

111. ' 

in. 

in. 

in. ! 

in. 1 

in. 

. 

in. 

3 ''S 


325 

I 22 

5'95 

1*70 

245, 

I 32 

3 30 

1*30 

3 * 30 ' 

1*20 ' 

4*11 

1*73 

1 

273 

• 9 S 

j 3 * 

1*41 

4'59 

1 02 . 

2 82 

1-20 

3*20 


2*88: 

1*61 

4-55 

! 

1-56 

2‘02 

r26 

rv 

2 C() 

2 09 

ri2 

2*30 

2*00 

2-40! 

1*45! 

2*92 

1*97 

j 2‘22 

3-52 

l-‘?0 

4'39 

246 

3*78 

144 

2 56 

r6o 

240 

.-.ol 

2‘20 

2*64 

3*6o 

•75 

2 ‘07 

113 

2 13 

1 91 

rS6 

1 62 

1*62 ' 

1*50 

1*70 

i’ 45 ; 

1*45 1 

J '95 

i*8o 

1 179 

2-66 

147 

4‘72 

4*01 

3'57 

1 58, 

2*05 ■ 

r6o 

2*23 

1*15, 

I 75 1 

2*23 

■iib 

•81 

3-';5 

2’00 

431 

113 

482 

* 55 ' 

4‘94 1 

•65 

1 4 * 8 '^ 

1*10 

4 43 ' 


8'o8 

1-6^ 

r6o 

1 2-2^ 

I 71 

2*51 

171 

2*1 2 1 

1*09 

3*10 

i 2 CO 

*‘- 3 , 

1*38 j 

2*87 

2*07 

1 2'66 

3 ^2 

1 2*26 

4*93 

378 

5 3 -^ 

2*72' 

3 62 1 

2 90 

1 90 

3 

2-90 1 

3-99 

4-2T 

1 8-)6 

; 4 ‘ 5 » 

1 n ’33 

475 

H *54 

6 1 1 

8 8c 

690 

10*62 

6*90 

9 60 

61 5 1 

13-36 

6-58 

1 2*42 

1 i‘4i 

1 3-05 

177 

! 3 89 

176 

1 314 

1 40 1 

3*00 

1 40 

2 70 i 

1*50 i 

3*52 

2*0j 

: i*s 3 

! 

; 2 14 

^ 2’6o 

; 3 57 

364 

; 13*. 

2*51 , 

2 40 

320 

2'6() ' 

2 65 1 

4*09 

' 389 

. i 9’55 

33*13 

33*^4 

36*91 

43 47 

40*93 

; 29 84 

3 »‘ 95 | 

34-17 

' 34*^5 

31*41 , 

29*94 

45'56 : 43 ' 9 ' 


l)i^i^iou IX, — Youksiiiri: {co nil anal). 


Yokk — Wrsr Kidinu [ mufuiinJ ). 


Saihllcworlh. 

I.on^Mood, ! 
IliRhlcrsliflil. 

AckMortli, ■ 
I’ontcfrncl. . 

Well Head. 
IfalifiiA. 

Ovonden 

Mftur. 

Halifax. 

I'h’eu]), ; 

Leeds. 

1 

i 

York. 1 

1 

.■)fl. 

) in. 

4 ft. 

i in. 

Oit 

> in. 

t)ft. 11 

in. 

Oft. loin. 

Oft. 0 in. . 

Oft. 

lin. 

UK) ft. 

(mOIi. 


it 

187 ft. 

1:170 

ft. 

;] 40 11 . , 

50 ft. 1 

1870 . 

1871 

1870 . 

1871 

1870 

1871 

187 tK 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

lt <71 

in. 

in. 

in. : 

in. 

in. 

in. 

in. 1 

Ill 

in. 

in. 

in. 

in. 

111 . 

in. 

3*28 

2*07 

3 33 

•92 

I 41 

•66 

3-36 , 

I 00 


1 50 

2*26 

*77 

I 68 

•70 

I 86 

2*33 

1 5 ^ 

2*34 

*•47 

1 64 

1 - 77 : 

2 60 

2 10 

3 -:o 

ro'’ 

2*84 

1*88 

2*51 

2- 39 

2*14 

2 54 1 

•96 

1*89 

•^6 

2 20 

riS 

2*40 

1 10 

1*71 

I -09 

I *80 

1 2! 

2*97 

3*59 

•96' 

2*89 

•42 

275 

•80 

3*88 

1*70 

5*20 

•83 

325 

*66 

2*76 

1*63 

2 12 

I’I 7 

1 39 

7 S 

1-50 

*' 43 ' 

1 90 

2*00 

2*20 

1-36 

•97 

1*08 

1*31 

2*39 

4‘03 

riS 

2*96 1 

1*73 

5 *3 

1 78 i 

328 

rSo 

3*50 

*■54 

370, 

2*8 1 

3*72 

ri3 

4-67 

■47 

.•56: 

•68 

27I; 

*55: 

277 

I 00 1 

5*30 

*80 

35S 

‘ 5 * 

2*80 

2'2I 

1*97 

‘99 

•90 

*' 33 ; 

1 81 

1*30; 

1-2S 

*• 50 ; 

I 70 

1*93 

119 

1*58 

1 03 1 

4*3 

5 ‘H 

1*94 

2 73 * 

■93; 

5 ' 

1*76' 

473 

2*00 ; 

4 So ' 

rc 3 

6‘70 

ri8 

6 60 1 

■ 9*97 

5-07 

i 5*47 

**43 

5*53: 

1*69, 

S96 

2*98 

io*8o 

390 

7*26 

325 

6*10 

267* 

2-88 

*86 

1 ^‘ 7 ^ 

1 ‘ 3 * ; 

*■75 

! *96 

274I 

•87 

3*20 

I’OO 

2*19 ; 

I *04' 

1*93 

! **^ 5 l 

: 3*05 

3*62 

1 *75 

; - 65 ' 

2*93 

! *99 

a* 94 ! 

*■43 

3x0 

2*So 

3 39 

1*44 

316 


1 38*11 

3773 

24*14 

19*04 

20*83 

j 26‘20 ! 

29‘59 1 

27*90 

, 35*30 

36-70 

26*29 

29*82 

i 4*37 

; 28 68 1 

1 
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ttDPOKT— 1872< 
ENGLAND, 



York, — West Biding {coniinued). 


York. — ^Eist Biding. 


Kll rSl^'on. 


Bain-gauge 

above , 

Ground 0 ft. (i in. 

Sca-levol 380 ft. 


2 ft. 0 in. 
750 ft. 


3 ft. 10 in. 1ft. 10 in. 
lift. 2:J0ft. 


York.— North Biding, 


1 ft. 0 in. 
75 ft. 


1870. 1871 1870. 1871. 1870. 1871. 1870. 1871. 1870. 1871. 1870.1 1871. 


January 2-59 

February ... 272 

Marcli 2 ‘i6 

April 79 

May 173 

June I ‘48 

July ‘69 

Augu.st 1-35 

September ... *88 

October 7*56 

November ... 2*85 

December .. 374 


m. m, 

6‘24 2*65 1 

5-10 6641 

3*06 4*67 : 

2- 46 3-95 ’ 

2‘48 2*03 , 

3- 52 277 

•59 922 

2*24 2*86 ; 

270 6 04 ; 

5-n' 

374 2*13 

4'23 4-64 


28*14 31*22 50*14 5273 25-81 25-68 26*53 31*53 26-32 2776 28*45 30*32 


Deadlam 

Grange. 

Oft (5 in. 

ia:J ft. 

1870. 

1871. 

in. 

in. 

2-13 

I *06 

2*49 

2-48 

■94 

'93 

*57 

3*5^ 

1*64 

**34 

2*40 

4-05 

•32 

3-98 

2*23 

1*24 

1*31 

5'i5 

6*01 

2-63 

4*20 

1*78 

4*21 

2*i6 

28-45 

30*32 


Division X. — Nortuebn Coontikb (imtinucd). 


Nortiiumijerland {continiicd). 


Cumberland. 


Height of Ilaltwliistle. 

Bdin-gauge 

above 

Ground 0 ft. 0 in 

380 ft. 


January 
bVbruary 
Maivh .. 

April 

May 

June 

July 

August ... 
September 
OetoliLT 

Novi.m])er 

Decemljcr 


0 ft. 0 in. 
300 ft. 


1 ft. 0 in. 
87 ft. 


^rol\ 23*27 25 - 44 , 1 37*26 


Seathwaitc. 

Wliinfcll Hull, 
Cockermouth. 

Post Office, 
Ko.suick. 

1ft. 

Oin. 

2 ft. 

Oin. 

1ft. 

Oin. 

421 

Jft. 

205 ft. 

270 ft. 

1870. 

1871. 

IH70. 

1871. 

0 

1871. 

in. 

in. 

in. 

in. 

in. 

in. 

13-48 

1175 

5-82 

4*37 

3'35 

4*93 

1367 

15*99 

5‘o7 

471 

5*96 

4*70 

9-51 

10*26 

2*56 

3*33 

2-36 

4*50 

6-50 

636 

2*85 

2-43 

271 

a*57 

13*49 

2*63 

5*55 

1*24 

5*56 

*67 

6*41 

2*82 

1*52 

1*75 

4*10 

173 

1751 

12*57 

•95 

3*3» 

•98 

4*49 

2*68 

9*10 

2-03 

3*82 

3*33 

3*67 

12*70 

5*53 

5-22 

2*60 

6-82 

2*20 

24*17 

6 24 

11*27 

4*18 

12*44 

4*48 

8*03 

9*91 

3*58 

278 

4*20 

1*84 

7*21 

2179 

2*44 

7*11 

2-62 

8*13 

119-60 115*15 

48*86 

41*70 

S4'43 

43*9* 
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ENGLAND. 


IDiviBionTX. — Y oukmitkI' 


(contiimed). 


Division X. — Nortiieiin Counties. 


Youk.— Noutii Hiding 
{ eonfini ( vd ). 


Duuiiam, 


|l 

!1 


Nouthumbebland, 


Thirek. 

Scarborough. 

Darlington, 

Soutliond 

Gardens. 

Ushaw, 

Durliani. 

il 

Stanhope jj 
Castle. ij 

Bywell. 

North Shields. 

2 ft. () in. 

1 ft. 0 in. 

Ift Oin. 

Oft. 

0 in. 

4 ft 

)in. ,! 

0 ft. 0 in. 

1ft. 

Din. 1 

114 ft. 

102 ft. 

140 ft. 

out) ft. 

(i 7 o ft. : 

87 ft. 

124 ft. 

1 M 70 . 

1871 . 

tS 70 

1871 . 

1870 

1 H 71 . 

iH 7 a 

1871 . 

1870 . 

1871 . 

187 ( 1 . 

1871 . 

1870 . 

1871 . 

in. 

in. 

in. 1 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in 

in. 

in. 

1 71 

■59 

rGo ' 

1-07 

138 

67 

2*05 

1 17 

4 * 59 ' 

2 60 i 

*■53 

1*50 

1 60 

1-13 

1*94 

2’ so 

2 20 1 

l‘ 7 i 

1*^9 

I 29 

1*69 

178 

1*41 

I 51 

|•89 

2*46 

I 95 

1-97 

1*37 

•97 

140; 

•62 

I 20 

76 

140 

•93 

2-50 

1*05 . 

1 16 

1*20 

I 21 

•69 

*55 

1*92 


TH 

•47 

2'02 

•62 

3*12 

1*50 

3*^5 

•64 

3*40 

•78 

3*79 

* 3 + 

ri6 

I 10 i 

r 44 


I 32 

1*3 S 

1 89 

*10 


80 1 

•90 

1*40 

1*59 

3'20 

4 'J 5 

jb'+j 

2 iy 

r6o 

3'2I 

* 54 

3*4 > 

117 

3*00 , 

161^ 

3 60 

2'44 

2*54 

■ 4 ^' 

3'57 

•5<ii 

3 '5 

44 

2*89 

79 

3 35 

•60 

3 77 1 

71 

440 

*55 

3*79 

2-i3 

69 

231 

79 

179 

1 08 

2*29 

1 49 

3*01 

I 05 

2-17 

•77 

2*12 

•96 

ro.i 

4'20 

■ 3 i , 

5 77 

55 

3 30 

So 

5 ^^3 

1 09 

6*.jo 

rS2 

648 

•99 

4*01 


2'48 


199 

4 54 

ryS 

S*c8 

235 

80.S 

3 39 

51.3 

3 3'3 

3 47 

1*97 

3*15 

1 1*21 

; 3 » 7 i 

3 M 

1-67 

' I 64 

' 2 46 

rs6 

2*70 

2*00 

244 

328 

3 50 

1 1-84 

, 3*40 1 ryo 

6 00 ' 

2‘02 

2-54 

, *97 

479 

i*8o 

i 

3-5^ 

6 19 

2*24 

, 5 2i 

: 1-901 

! i 4'53 

25 14 

' 2S'4o 

2793 

17-97 

, 21*10 

24*86 

27-88 j 31*52 

3.’ 82 

2584 

33 53 

' 25-22 

1 26-18 1 









Divi^i^)u X. — Noktiikrx Countiks (cofititiiud). 


CuMuruiAM) {t'ontiniml). ^ Wimmubeiam*. 


Cockcrmoulli 

Min* lIoiiM*. 

1 {assent hnailc 

Scalehy Hall. 

Ivoiulal. 

Kirkln i 

Stephen j 

Applehy. 

Great 

Stneki.ind, 

rennlli. 

0 ft 

ti 111. 

Ofl 

7 m. 

1 ft. 1 

in 

1 ft ( 

in. 

1 ft 0 (11. , 

1ft dm. 

1 ft 

() 111. 

l.‘)8 ft. 

;iio ft. , 

112 ft.? 

UOlt. 

.Ml ft. ; 

44 *J 

ft 

1‘mO ft. 

1870 

IS 7 T. 

1870 . 

1871 . ' 

1870 . 

1871 

1870 . 

1 S 71 

1870 

l-Ml ! 

l.Mt) 

1<M1. 

1870 

1871 . 


in. 

in 

in. i 

in. 

111 

in 

in. 

111. 1 

in 

in 

in 

111 

in. 

4-31 

398 

568 

4 - 56 , 

3*81 : 

I 72 

5 - 6 : . 

28s 

409 

2 34 

3-2S, 

z-o-* 

4*14 

346 

3*56 

3*52 

5 

3*89, 

2 27 , 

2*54 

3 29 . 

5^-4 

3 o,s 

326 , 

30 - 

7 88 

419 

3-6s 

2 35 

2*94 

3 44 

3 57 ' 

1*06 ; 

1*33 

2*8 s 

2 6() 

I 6s 

2 34; 

I iS ; 

2*3C 

1*29 

6* 1 6 

2*1 I 

2 50 

2*34 

2* ’9 ; 

1*30; 

3*^3 

2 *06 ! 

3*26 

I 18 

2 68 j 

*75 1 

I ‘74 

1*49 

2 26 

402 

*97 

4*30 

1*21 ' 

2 61 1 

i*i6 

4*87: 

I 83 

2 34 j 

1*0(. 1 

2 35 1 

123 

2*70 

1*35 

1 97 

I 75 

1*40 

1*63 ' 

2*35 

294 

1*58 

1-98 • 

I ^2 1 

3-57 1 

1 3 5 

2*79 

I 56 

2*73 

ros 

2*92 

ro8 

2*82 

I c6 

302 

1 * 2 S ^ 

7*67 

2 46 j 


•76! 

4 77 

' 7 * 

3 * 3 *^ 

2*85 

3*31 

3*39 

4-8 1 

1 - 49 , 

2*27 

1 74 , 

699 

1*81 j 

2*s6 

2-31 

2 72 

2 *IS 

2*59 

4*32 

2*23 

471 

2*8 1 

228 

2*07 

3-09 

3 94 

2-33! 

3*64 

2 48 ; 

3*20 

344 

3*29 

i 9*56! 

3 

1 1*13 

; 3-65 ' 

SCO 

3 S3 

10 2S 

6 6s 

736! 

4 30 | 

5 JS; 

3*72 

8*12 

4*35 

3 * 52 ^ 

2*64 

3 53 

2 22 ' 

2*25 

I 61 

405 

I 56, 

3*20 

I >9 , 

2 39 ; 

93 

2*62 

1*24 

2 00 

6*32 

279 

! 6*66 

1*41 

3 75 

2*39 ; 


2 87 ' 

3 * 5 S| 

2*2 3 j 

3*45 

2*90 

3*69 

I 41 - 7 ^ 

3689 

48-97 

^ 40*12 ! 

26*89 

30*37 

43*09 1 

50-25 ’ 

33*77 

36 96 1 

r 

1731, 

31*80 

i 

38*12 
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KEPORT— 1872. 


WALE8. 


Division XI.— Mokmouth, Wales, the Islands. 


Mon-uoutii. 

Glvmoro.vn. 

Carmarthen. 

1 

Pemiuioke. 

Brecknock. 

Height of 
Rain-gauge 
above 

Ground 

Sca-levcl 

Llanfrcclifa, 

Newport. 

Abergavenny. 

Swa 

14 ft. 
R) 

tisca. 

' ' j 

' Carmarthen 
, Gaol. 

! 

Havcrfortl- 
west. 1 

|i 

1' 

Brecknock 

' 

2 ft. 0 in. 
4;{7 ft. 

4 ft. 0 in. 
3 G 0 ft. 

1 ft 0 in. 
2:i0ft. 

0 ill. 

ft. 

Oft. Gin. 

02 it. i 

1 ft. 0 in. I 

0.^) ft. j 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 

; 1870 . 

1871 . 

1 

1870 . 

1871 . ; 

1870 .' IN 7 I. 


in. 

in. 

in. 

in. 

in. 

in 

J in. 

in. 1 

in. 

in. ;. 

in. i in. 

January ... 

4*07 

2-39 

2-96 

3-05 

2*44 

3 85 

4 ‘i 7 

4-80 ' 

428 

6-05 

Pol 

February ... 

4-27 

3*37 

4-24 

263 

2-49 

2 -40 

1 575 

4'02 ' 


3 3 >,l 

8 * 3 ^ i 3*42 

March 

1-90 

2*53 

1-96 

1-96 

2-28 

173 

3'99 

3-06 

3-88 

2-24 ! 

73! 3751 

Aiiril 

*33 

6-15 

•35 

374 

‘23 

, 4-10 

•81 

4-69 

71 

474 ' 

! 4 76 

Mav 

2-62 

r-oo 

2-o8 

•87 

1771 

-86 

3 '24 

■89 

3-26 

•53 

3-03! -911 

June 

■22 

1-91 

•17 

2*43 

! 73 1 

78, 

-80 

2*99 

118 

1-50 , 

-22 2*28 ; 

July 

3*31 

5‘20 

1-92 

474 : 

1-83 

574 

174 

7-17' 

2-21 

4‘97 ' 

*73 j 3*30' 

August 

3'^5 

4-60 

179 

2-46 

1-87 

1-70 

2-68 

3*28 

2-70 

2-i8 

2*75 j 48* 

September . . 

279 

8-32 

1-50 

6-62 , 

1-91 

2 * 99 ' 

2-80 

6-66 

275 

7-48 ' 

2-89 5-25 

October 

8*25 

3 76 

6-22 

4‘93 

626 

5-20 

9-36 

7-38 

8-52 

7-64 

10*20 5-99 

November .. 

4-64 

1-21 

4-68 

•85 

372 

1-28 


2-09 

378 

1-81 , 

618 1-C.5 

December .. 

2-54 

4-67 

2-43 

; 2-72 

roi ' 

1 

2-66 

; 1-85 

5-09 

2*62 

4-58 

2*14 4*05 

Totals 

3879 

45-11 

29-90 ' 

36-80 1 

25-94! 32-69 1 

4263 

52-12 

40-01 

46*73 

43*57 46*7* i 


Division XL — ^Monmouth, Wales, and the Islands (continu€<I), 


Carnarvon {continued). 


Isle or Man. 


Height of 
Rain-gjuigo 
above 

Ground 

}Soa-level 


Plas Brerctoii 


January ... 
Kobruary ... 

March 

April 

May 

Juno 

July 

August .... 
September ... 

October 

November ... 
December .. 

Totals 


1 ft. 0 in. 
2o ft. 


1870. 1871. 


374 

1*93 

2'Sl 

2-03 

1-49 

r3o 

•83 

1-95 

8’27 

6-52 

3*35 


36-59 


374 

3'C3 

2*24 

2'i9i 

75 

x‘84 

4-65 

1-84 

VH 

SI ' 

1-38 

3 ' 9 » 


34‘42 


Llanfairfc- 

ehan. 


Llandudno. 


Douglas 

Head. 


Poini of Avr. 


Oft. 8 in. I on. Gin. 
JoOft. ! 00 ft. 

I 


on. Gin. ! y ft. 4 in. 

L7ft. > 


Ol KUNsEV. 


Gucniscv. 


12 ft. Oiii. 
20411 . 


1870. 1871. 1 1870 | 1871. || 1870.! I.S71. 


in. 

3- 85 

2-38 

3'*5 

2'2I 

1-72 

ri6 

•89 

r 6 i 

^•55 

974 

4- 48 

3‘39 


3673 


376 

305 

1-85 

3-09 

•83 

i- 6 j 

3- 29 
1-37 

4- 41 
6-19 

1- 85 

2- 25 


3375 


2*80 

173 

i’88 

2'08 

73 

1 - 06 

•54 

1*44 

2*i8 

7*04 

2- 94, 

3 - 21 1 


in. 

1- 87 
2’02 

'77 ii 

2- 57 
ri9 
2 27 

3- 33 

1*24 

3*59 

6*17 

3-24 

2-30 


3-43 

2-89 

2-i8 

'33 

I -08 
•63 

'55 

1-65 

1- 42 
5-65 

2 - 20 
I 63 


27*43 : 30*56 1 23-64 
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WALES. 


Division XL — ;>roNMOi'Tii, AVales, and the Islands (continued). 


MoVTfiOMEKV. ' 

Carno. I 

CAUDI 04 N. 1 

Al)e^yst^^ illi. 

1 

Radxok. I 

Mekioniitii. j! 

Dolfjoll}, 1 ' 
13 rillulm. 

, 


Flint. 


1 Carnarvon. | 

Rliayuder. 1 

Macs-y-drc. 

Ilawarden. 

~ 1 

1 

BeddgcDrt. i 

! 

Iff. 

I) in. i 

1 ft. 

dm ' 

lifl. 

0 in. 

ift 

(*) in. 

afi 

0 in. 

Oft. 

4 in. 

att. 

Oin. 1 

:>:)!) iL , 

4'2 a. 

K '<0 i‘t. 

’ 

:)(X) ft. 

400 ft. 

.70 ,t 

1^64 ft. ' 

lS 7 i). 

1 S 71 . , 

' 

1 S 7 (). 

IS 71 , 

i 

1870 . 

7 !';; 

1870 . 

1871 . i 

1870 . 

1871 . 

1870 . 

1871 . 

: 1870 . 

1871 .! 

in. 

in. 

in. 

in. 1 

m. 

in. 

in 


in 

in. 

ill. 

m. 

in. 

in. 

370 

3-60 

2-67 

375 

4‘49 

319 

4*74 

6*43 

1-88 

86 

2*32 

229 

12-30 

8-17' 

2‘6o 

2*40, 

2-48 

2*47 

3-92 

4*88 

7*62 

790,. 

•90 

1*73 

133 

2*07 

; 4*74 

17-38 

2-90 

2-90 

2-36 

13 

2 79 

i’.^8 

5 

4 60 

2*03 

1*14 

l*8s 

1*25 

, 7*79 

8*80 

2’30 

430 

2 27 

3‘12 

•89 

615, 

3-88 

576 

•61 

2-o8 

1-30 

2*13 

608 

911 

2’10 

1'20 

1 87 

75 ' 

273 

•98' 

4‘o6 

1-17 ; 

J *34 

no 

1 02 

1*56 

8*00 

2-70 

2 '00 

2’8o 

r52 

274: 

•90 

373 ! 

2 65 

2*01 , 

1*31 

2 67 

■78 

2*80 

, 4*82 

f 35 

2*40 

570 

3‘29 

570' 

r98 

6*04 

2’05 

7'47 , 

•37 

3*54 

•58 

3*23 

, 2*58 

i 6-33 

2 10 

2'9C 

342 

276 1 

2'CO 

2-97' 

367 

373 ' 

1*41 

1 05 

2*32 

ro2 

' 4*67 

5*69 

370 

570 

3-31 

276' 

3*11 

4‘»5 

4*45 

4*35 

1*76 

2 * 9 *’ 

1*90 

4*29 

8-40 

5-96 

] I 20 

4‘8o, 

"•53 

5 

12‘23 

6-89 

1672 

8-82 

5*48 

4*53 

441 

4*38 

22-92 

1409 

6‘30 

j'8o 

6*40 

301 

3 'S 5 

1-24 

8-82 

270 

3 56 

I 43 

2*60 

r6i 

10*58 

5*38 

3*20 

2‘40 

3’43 

2*26 , 

1 2 46 

2-23 

678 

, 633 

2*20 

1 53 

I 2 88 

159 

8*70 

1293 

4470 

40 ' 3 o 

44 56 

! 36 76 ' 

41*35 

43*93 

71*72 

j 60*67 

22*85 

1 24*63 

23 29 j 28*22 

101-58 

'no*8o 1 
1 [ 


Div. xr.- 

\Vvm:s, &c. 

iloNAioi ni, 
[ continued ). 


SCOTIWNI). 

Divi^ion XU. — Sorniru.v CorxTn:s. 


Smik. 1 

Ai.nr.uNi.Y. 

Wig TOWN. 

KlUKCVDimiGllT. 


1 

1, Di’NirRir*!. 

8ark. ! 

Aldcrnoy. 

South Cairn. Liltlo Ro-s 

i 

Cdr'»pli:urn. 

C'argcn. Dnnnlani ig. 

1 ft. 0 in. , 

10 ft. 

0 m. 

in. 

1 111. a ft 

a in. 

a a. loin. 

Oft. 4 in. Oft Oin. 

;U01t. 

48 ft 

liooft. laoa 

:.7ift. 

80 ft. 101 U. 

, 1870. 

1871. 

1870 

1871. 

1870 

1871. h^70 

1871. 

1870 

1,S71. 

1870 

1871. 1870 

Wl. 1 

' 111. 

ill. 

ill. 

ill 

in. 

in. in. 

in. 

m. 

111. 

in. 

in. ' in. 

in. . 

i 288 

4*46 

1*56 

3*38 

8*35 

5‘7| 2'40 

1*46 

6c2 

4*6- 

5*^9 

3-92 4*40 

5 ’00 1 

1 **6i 

1*57 

1-41 

2*75 

8*85 

895' 2*13 

4-50 

7 50 

5 7* 

5 

5 90 6*20 

5 ’00 

! a-., 

•98 

1*72 

■69 

3*00 

2*87 1 *'H 

rci 

2 20 

5**^ 

j-29 

3*47 i*6o 

•90; 

: *66 

3*20 

•48 

2*42 

5*65 

8*20 ! *60 

3 30 

2*71 

5*16 

r6i 

4*33 ! a*20 

3-20 ■ 

*’43 

•63 

1*15 

•42 

4 85 

2-C5 . 1 67 

•50 


1*29 

4 68 

rco 3*90 

•90^ 

*18 

1-65 

•06 

1-96 

3*95 

240 1*77 

ri6 

1 S4 

5*19 

4 5« 

1*40 

2*i8 1 70 

3*20. 

1*12 

3*83 

1*30 

2*70 

4*05 

5-25 1 '77 

1-85 

1-31 

ri6 

4*83 ■ 2*C0 

4-801 

171 

1*02 

**45 

2*10 

2 90 

3*10 ! 1 31 

337, > 7 '; 

A 39 

2*14 

3*C2 *11 

380 

I '6, 

4*97 

*99 

4*35 

6*30 

2*80 1 2*12 

1-26 

5*3* 

2*24 

4*06 

2* 60 ' 4*40 

1 2C 

5*20 

4*12 

4*20 

3*52 

8 1C 

4*So ! 4*41 

373 

12*19 

5*50 

8*<;6 

400 ' 7-50 

4-70' 

2*62 

1*32 

178 

*■47 

4*05 

7-15 j 2-58 

2*83 

3'35 

4*^3 

2-32 

3-40 , 2’8o 

2-90 

3*24 

2*57 

4*95 

1*42 

2*20 

3*55 I 2*05 

3*03 , 3 20 

8*67 

2*26 

5*89 1 2*00 

6-30 

1 24-'33 

3**32 

21*05 

27*18 

62*25 

56*15 1 22*95 1 27*60 

5**33 

1 57-4> 

39*97 * 

44-54 1 3 S- 8 > 

1 4*’9o| 


REPORT — 1872. 
SCOTLAND. 


Div. XII. — SouTUEPvX 
CoTTNriES {continiud). 


Height of Wanlockheud. 
Rain-gauge 

above 

Ground Oft 4 in. 

Sca-lerol 


January 
February 
March ... 

April 

May 

June 

July 

AugUht ... 

September 
October ... 
Muvmber 
Decemher 


Division XIII. — Soutii-Easteen Counties. 



Romhjrgii. 

SULKIRK. 

PjSEBLUS. 

Bkuwick. Haddington. 

Silverbut Hal!, 

HiiAMelv- 

Bowhill. 

[ N. VA 
Kc-servoi r, 

Tliirlostane, East Linton. 





j IViiIcuiek. 


1 


'H‘t. Om. 

1 11 fl. 

0 in. 

0 ft. 0 in. 

0 ft. 

;iiii. Oft. 

in. 1 

nil 

M’t. 

1 .)o 

•fl. 

11 7)0 ft. 

.b'lS ft. r DO ft. 1 

187 (K 

1 S 71 . 

1870 

1 S 71 . 

1870 . 

1871 . 

1 870 . 

1871 . ' 1870 . 

1 


111. 

in. 

in. 

in. 

in. 

in. 

in. 

in. in. 

in. 1 

2-5S 

1 81 

3 34 

2*C3 

2 * 4 C 

2 * 5 “;. 

2*40 

r6o 1 *79 

>•.3: 

2*3S 

1 91 

2*89 

3 5 « 

2*95 

305' 

1 60 

4*10 i 291 

2*26 ' 

T-O^ 

2*00 

4*o8 

1*12 

2 '» 3 i 

1*40 

1*90 

1*00 

i*5o| ri3 

* 3 «, 

•96 

•80 

389I 

•70 

4*50 

*cs 

3*8o [1 *22 

4*69 


1*06 

2*63 

1*05 

1*00 

1*101 

i*8o 

*90 jl *57 
3*10 1! 1*68 

•«5 

1*86 

2*87, 

2*10 

3 * 37 ' 

3 ** 6 , 

2*90 

2*20 

2-35 

3*22 ' 

2*04 

3*02 1 

1*25 

1*20 

3*15 

•90 

3*50 li *93 

2*27 

I ^4 

2*10 1 

i 1-43 

2*74 

1*0 J 

3*55 

1 80 

I 50 1 ' 1 69 

1 2*’ 

I 97 

1*95 

! 2*10 

1 * 73 ' 

2*4i; 

2*2S 

I 60 

3*00 |i 2*26 

2*43 

3 35 i 

2*45 

; 379 

2*831 

3 ^^ 

2 15 

3 5 ^ 

rjo li 2*45 

2 *S 5 

I'll , 

2 *C 9 ■ 

• ro8 

1*92; 

1*15 

4*6o 

1*50 

3*70 ' *80 

3*16, 

r6.v 

3-16 

i ^'53 

2*8 1 

1 2*25 

3*30 

3*90 

2*20 3*84 

1*41 

22*99 

28*50 j| 25 06 

31*23 1 

' 2^^ 

34 ’ 3 o' 

1 22*40 

31*60 ! 19*30 

25 62 


Division XIY. — Soutii-AVe-^terx Counties {conthmed). 


Lanark {continued). 


Height of 
Rain-gauge 
above 


January.... 
February . 
March .... 

April 

May 

June 

July 

August .... 
Sc])tember. 
October.... 
November . 
I Doocm\)er . 


i 

Hill End 
House, Hiolt'.'i 
i1 

G.rvan. | .\iifh<’ndrane. 

1 

^Mansfield, 

Lirgs. 

Nit her lMr.ee, 

]\[e.U’ns. 

Give 

loek. 

7 ft. 0 in. ' 
0*JOft. I 

lit. 0 in. 1 2 ft. .* Jin. 
187 0 . I Dllft. 

Oft, 0 in. 
.‘loft. 

0 ft. (i in. 
.MOOft 

Oil. bin. 

(M fl. 

1870 . 

1871 . 1 

1870 . 

1871 1870 

1871 . 

1870 . 

1871 . 1 . 

JSTO. 

1871 . 

1 S 7 U 

1871 . 

in. 

ill. ' 

in. 

in. in. 

in. 

in. 

in. ! 

in. 

in. 

in. 

in. 

2*52 

2’ 5-1 ' 

4 ** 5 

4*36 3*53 

3*99 

5 80 

3 3 '^! 

2*00 

5*00 

7**3 

5*90 

*•55 

3 *« 3 i 

5 *4 

7*14 245 

4'53 

4*90 

7*50 i' 

3‘75 

5*75 

564 

8 65 

•88 

2 22 I 

2*06 

4*14 143 

4*04 

roo 

4 * 50 ; 

1*50 

4 ‘ 5 ^ 

1*30 

6 1 1 

1*24 

2*12 1 

2*29 

297 2*11 

3*34 

1*90 

3*30 

2*25 

4*^5 

2*55 

5'»4 

2*35 

•32 

2*30 

1*02 4*15 

*85 

5*00 

70 : 

5**3 

1*25 

5*64 

r6c 

2*49 

•46 

3 88 

2*57 2*40 1 

2*13 

1*90 

1*90 

2 *06 

2*00 

1*91 

3’73 

2'53 

4*98 

1*81 

2*84 2*02 1 

3*55 

2*6o 

3*40 

2*12 

4*50 

2*51 

3-51 

*79 

3*24 

2*06 

4*45 2*06 1 

5**5 

2*30 

3*40 

2*25 


177 

4*40 

2*66 

1*76 

3*70 

i-52 J-S;! 

2*c8 

3*90 

2*6o ! 

4*37 

f u 5 ° 

4*45 

2*32 

3 * 3 * 

2*16 

12*29 

4*03 4*99 

2 65 

i 5*60 

3*8o I 

5'38 

3*50 

7*15 

6*62 

1*89 

I 23 

3*28 

6*031 ^**5 

2*80 

2*8o 

4*00 ' 

2*50 

4*25 

2-33 

4*82 

1*92 

1*67 

2*85 

576 205 

5*o6 

3*10 

4*40 

3*38 

6*38 

4*62 

9*5 ‘ 

24*13 

26*53 

45 ' 8 i 

47*83 33 * 2 ^ 

40-17 

40*80 

42*80 j 

36-69 47*88 

47*00 

62*31 


ON THE RAINFALL OF THE BttlTlSH ISLES 
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SCOTLAND, 


Division XIII. — 
Counties (c 

South-K vstekn 
onthmed ). 

'IKill. 

Div 

ision XIV.- 

-SoUXn-W BSTERN CoUNTIES, 



Edimh 



Lanark. 




tiloncorsv. 

Invei* 

j 

'^k. i 

1 

i 

riiarl()l,tc-'j(i , 
Ediiibufgli. 

Newniuins, 

Douglas. 

1 

Audiinraith, 1 
lluniiiloii. , 

1 

Gla%ro\v ! 
Ob.MTvatory. 1 

Baillicstown. 

Oft. 

0 in. 

LM’t Oin. 1 

0 ft. (*> in. 

Oft. 4 in. 

4 ft 0 in. 

Olt 

1 in. j 

Oft. 3 in. 

7 S 7 ft. 

00 i't. j 

2:;o It 

78 ;iit. 

IfiOfl. 

i8ort. j 

230 ft. 

1 ^ 70 . 

1871 . 

1 S 70 . 

1871 .; 

1870 . 

1871 

1870 . j 

1871 

1870 . 

1871 . 

1870 . 

1871 . I 

1870 

1871 . 

in. 

in. 

ill. 

in. 1 

in. ! 

in. 

in. 1 

in. 

. 

in. 

in. 

in. 

m. 1 

in. i 

in 

2-40 

2 70 

.•6/ 

126 

I 68 ' 

1-25 

3*48' 

4*49 

2‘89 

265 

4-1. S 

3 - 18 , 

544 ' 

377 

4-05 

2 (JO 

2*05 1 

1 79 , 

5701 

2-41 

5‘66 j 

3*27 

2*05 

275 

6*33 

4*86 

231 

4*63 

225 

1 «5 

roo 

■94: 

i-ii 

ro 7 

i'o 8 . 

4 54 

•63 

I 94 

*93 

3*05 , 

109 

3*26 

■75 

4-60 

•27' 

5*11 ; 

•43 1 

4 *S 5 

i 47 i 

3*^4 

•80 

302 

r46 

4-42 

1-29' 

5*52 

r6o 

•70 

•77 j 

*71 

i* 3 ‘ 

• 1^3 

3-17. 

61 i 2-i8 

1 '^ 

3-20 

1*12 

3 * 7 ii 

1*43 

1 3-^-5 

235 

1 80 ! 

2-98 


rijo 

275 

329 

145 

175 

1-84 

2*72 ; 

2411 

3-16 

195 

310 

r26 , 

3*90, 

1 65, 

2-8o 

>75 

4*99 

1*67, 

405 

2-S2 

4*51 

371; 

5*82 

165 

2*65 

*93 

2-14 

‘‘29, 

2'56 

248; 

429 

1*03, 

6-55 

I 76 

3*66 

125 

4-82 

i 

305 

1*77 

3-23 

1 84: 

255 

4*091 

1 80 

i’ 3 ^ ' 

1 43 

3 ' 7 i 

1 60 

4 * 37 ® 

212 

1 3*50 

2*55 

1 * 73 , 

2-42 

1 76; 

2*45 

4 * 75 ' 

4281 295 

1*97 

4 61 

3 10 

4 77 > 

3-c-o 

1 »' 4 o 

470 

•8s 

4*21 ' 

•r„; 


2-76' 

2 1 1 

i 1 * 95 : 

2-43 

1 84 

yii ' 

2 - 53 ' 

3*57 

I 2-40 [ 3*20 

2'40 

1 73 

2*40 

163 

I 78 1 


1 1*4 

273 

2-87 

4*85 

3*20 

4*59 

' 27*70 

34'35 

i6'5o 

3042 

22 ’ I I 

26-87 

35 * 22 * 

42*09 


32*02 

15‘-5 

40-54 

36-17 : 

45-69 ! 


Division XV. — West JIiulva’d C'oi'xtxes. 



Di’MUAKTO.V. 


8 nil LI NO. 

Bull 

i 



Aicmll, 


1 

; IJallodi 
! k\ 

Anliliirnck, i 
Loi-li Long. 

ri)lni.nse I 
(larden. 

riulla. 

l)('\nar, 

(’ain])lvll- 

liiwn 

1 

Blninisi of 
May. 1 

Lallabus, 

Iday. 

1 0 ft. 

4 in. 

Oft 1 

in in. 

Oft '1 

in. 

:>ft .*1 

> 11 . 

11 fl. 4 in. 

Oft. 0 in. 1 

1 ft Om. 

01 ft. 

8011 . 

VI ft. 

I’t 


7.') ft 


7 lit. 

07 

It. ! 

i 1870 . ■ 

1871 . 

1870 

1871 . 

1870 

1871 

1870 . 

1871 . 

1870 1 

1 ^ 71 . 

1870 

l 87 l. 

1870 

1871 .' 

' in. 1 

in 

in. 

in. 

111 . 

in. 

111 . 

in. 

in. 

in. 

IP. 

ill. ' 

in. 1 

m. ! 

5*40! 

4 'i 3 

7 ‘» 9 ' 

7 5 ^ 

3 

3 '60 

2*89 

.ri I 

3-0 

64s 

1 ()4 

2-78 

3*59 1 

4 -i 6 i 

5-00 1 

681 

7 51 

7 93 

3 * 5 ‘->; 

4-60 

2*38' 

6*76 : 

508 

7 *j 6 

1 "bi 

3 

3-301 

5 16 j 

1-20 : 

3-90 

2-30 ' 

667 

*60 1 

280 

*73 

1 -«J 2 

1 81 

3 * 4 > , 

1 22 

2 sS 

1-25 

3*79 1 

2-51 

5 *‘> 

3 06 1 

656 

•60 ' 

4-30 

1-31 • 

3 * 7 b 

** 79 , 

447 ' 

1-68, 

5.37 

2-58 

3 * 95 ' 

1 3*95 

* 25 

613 

2 c 2 

2 74. , 

J 30 

i 75 ' 

*37 ; 

4-28 

'80 , 

* ^4 , 

87 

3-09 

113, 

i ni 

2-C3' 

3 'C 7 

1-86 

r(io ' 

2*00 

a*oS , 

2 48 

2*4 5 

•89 

ac9| 

i*So ; 

2-8 1 

1*53 

J *78 

3 9 ^^; 

3*14 

623 

1 30 , 

4*10 

301 j 

3*35 

2 16 

3-12. 

2 37 | 

5 *"‘ 5 , 

2-6i 

4 94 

! I '78 

5*21 

1 32 

5-86 

roo ! 

3*20 

J* 3 i! 

3*34 i 

1*24! 

2 - 71 , 

77 i 

227, 

1*39 

279 

' 3*75 

1*89' 

6'{ 6 

2-38 

3-io‘ 

2 50 ' 

2 21 1 

2*71 i 

391I 

2-19 

4 * 05 ! 

1-72 , 

5*00 

: 3 9 * 

[ 6-86 j 

5 ‘ 33 , 

10*38 

8*50 

3 * 5 ^ 

3*10 

4*2 5 , 

2-10 

8-52 

4*05 ! 

528 

1 3*57 1 

8*13 

5**3 

■•97 1 

3 * > 9 ! 

3 16 

6-45 

> 55 , 

2 60 

I 771 

2*.;6 ' 

I3ij 

5*05 i 

1-32 

3-03 

2*6i 

467 

4*03 ; 

5*6o 

5 * 5^3 

9-42 

3-60 ' 

4'co 

2 *(jO j 

3-82 

2 07 1 

4 70 i 

1 

1 3 *S 2 

3*^5 

436 

40*00 

48-53 i 

59 'i 5 

71-401 

! *6 65 

38*10 

27-63 j 

37*18 
^ 1 

3832! 

45 *oc 

' ^5*41 

34*76 

39 *Sc 

45 * 5^1 



m 


REPORT — 1872 , 
SCOTLAND. 


Division XY. — West Midiand CWkties {conthiued). 


Argyll (continued). 


Height of 
Rain-gaugo 
above 

Ground 

^ca-lovol 

Castle Toward. 

Aird.s, 

Appin. 

Callton Mor. 

1 Inverary 
Castle. 

Lismore. 

.*> ft. 4 in. i 

Ilynish. j 

1 

4 ft. 0 in, 

Gj ft. 

0 ft. .3 in. 

15 ft. 

4 ft. G m. 

(>5 ft. 

0 a. 1 in. 

.‘10 ft. 


1 

1870 . 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 1 

1 1870 

1871 . 

1870 . 

1871 . 

1870 . 

1871 . 


in. 

in. 

in. 

ill. 

in. 

in. 

in. 

ill. 

111 . 

in. 

ill. 

in. 1 

January 

3*99 

3*39 

3-20 

3*60 

4*01 

4 * 45 ' 

1 3*00 

3*00 

I 69 

4*24 

7*6i 

8*04 ' 

bVbruary ... 

5*53 

6-51 

11*50 

5*40 

6*30 

6*45 

j 3*50 

2*00 

2*47 

438 

1 4*01 

6*53 

March 

1*33 

4*04 1 

1*40 

5-40 

1*32 

4*23 

•50! 

1 50 1 

■64 

5 *'o 

2*85 

7*87 

V'l 


5’43 

1 4-40 

2*70 

2*39 

3*69 

3 00 

•50; 

2*41 

i -^ 

4*45 

3 * 74 . 

May 

3-98 

2*44 

5 ‘ 3 o 

1*20 

4'59 

2*17 

1 7*00 

1*00 ' 

3*34 

■93 

6-27 

1*65 

June 

2*42 

2*65! 

2*8o 

1*90 

3*09 

1 2*70 

2*50 

2*00 ; 

2*36 

1*64 

2*78 

1 2-23 

July 

2-68 

3’94 

5*10 

5*00 

6*71 

S'8. 

2*00 

5*00 1 

3 *i 3 i 

3*64 

4*16 

4*58 

August 

2*03 

4*00 

2*20 

4*00 

1*40 

3*29; 

2*00 

6*00 ; 

1*39 

1*48 

76 

1 * 23 , 

September . . . 

3*8o 

i*6i| 

5'90 

r8o 

4*70 

1 * 97 ! 

i 4*00 

1 00 1 

4*36 

1*38 

8*07 

3*74 

October 

6*21 

4*69; 

6*6o 

5*00 

9*19 

4*85 1 

1 9*00 

1*50 

6*48 

2*35 

8*17 

5*90 

November ... 

2*52 

3*72 

1*90 

1 570 

2*6 1 

5*16 1 

2-50 

6 ‘00 1 

1*64 

3*94 

i 463 

8 12 ' 

December .. 

4 ‘i 9 

5*68 

3*00 

9*00 

3 95 

7*51 


12*00 

1 76 

4*86 

577 

1 3*75 _ 

Totals 

41*06 

48*10 

53 ‘ 30 i 

- 

0 

0 

50*26 

00 

42 00 

41*501 3167 

3578 

59*53 

57*38! 


Division XVL— East Midland Cootjes {continned). 


Perth (continued). 


Height of 
Rain-gauge 
above 

Ctround 

Sea-lcvcl 

Loch Katrine. 

Oft. G in. 
880 ft. 

i Aiichterardcr 
, IIou.'^c, 

*2 It. .‘1 in. 
1 G 2 ft. 

Stronvar, Loch' 
Earn Head. 

, 

0 ft 4 in. j 
4 G 0 ft. 

I ! 

Trinity Ga>k. ' 

1 Ofi.lin. ' 

1 

1 . 870 . j 1871 .! 

I 1 

1 

Scone Palace. 1 

2 ft Gm. 

80 fl. ! 

1870. 1 1871 . j 

Stratli-tay, 

Logicniil. 

1 ft. Gin. 

1870. 

1871 . 

1 

1871 . 

1870 . 

1871.1 

1 

187 G. 

1871 


in. 

in. 

in. 

in. 

ill. 

in. 

1 . 1 

in. 

1 . 

1 in. , 

in. 

in. ' 

in 

in. 

January .. 

5*00 

610 

2*15 

2‘75 

5*03 

0-05 

2*78 

2*26 

2*05 

2*31 

2*40 

1 67 

February ... 

9*8o 

9*40 

3*70 

! 3‘2o 

14*10 

7 82 

3-16 

I 3 -<i 8 , 

a-8o 

3 ' 95 ! 

5-68 

4 *. 8 

March 

1*30 

6*20 

•70 

i ^'30 

2*43 

7*90 

30 

1 2 * 30 ' 

■56 

1*50 

*49 

2*03 

April 

3*6o 

4*8o 

•70 

5'20 

3*10 

4*70 

*28 

530! 

•24 

4*28 

*79 

i 2*55 

May 

7*30 

i'8o 

2‘20 

■85 

6*10 

2*10 

2 *C 0 

*6c j 

1*45 

■83 

I-OO 

•69 

June 

r8o 

2*6o 

•90 

1*25 i 

2*55 

1 2*92 

1*00 

1*85! 

•96 

2*22 

i .7^ 

2* ill 

July 

2*90 

6-00 

1 1*30 

3 * 5 oj 

2 60 

805 

165 

4*30 

1-20 

4*10 

1 *86 

4*o6 

August 

1*20 

6*40 

i*qo 

2'8o 

*70 

575 

1*40 

3*30 

1*04 

2*07 

2*12 

3*2S 

Soptpniber . . . 

6*6o 

2*40 

2*10 

1*40 

7*32 

2*28 

3*00 

2‘10 

2*12 

1*85 

i 3*54 

no 

October 

11*30 

8*70 

4*30 

3*75 

10*25 

7*95 

3*76 

4*10 

3-30 

3*56 

' 4*c8 

3*25 

November ... 

2*90 

6*40 

*70 

2*00 1 

3-25 

575 

•90 

2*20 

1-42 

2*i6 

1*82 

1 iC 

December .. 

370 

9*20 

4*00 

2*85 

3*90 

12*30 

4*36 

2*70 

425 

•84 

2*70 

3*12 

Totals 

57*40 

70*00 

24*05 

3 I '85 

6 i '33 

75*57 

24*59 

34’69 

21*39 

29*67 

27*13 

29*26 
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SCOTLAND. 


])lv. XV. — (continued). 


AiiGYLL (contimcd). 


ClackmasxvnJ 


Corraii, 

IjocjIi Kil. 


(I ft. 4 in. 
14 ft.? 


Ardnainur- 


.'1 ft. dm. 
82 ft. 


Division XVI. — East Midland Countik.s. 


KlNltOS.S. 


Fipk. 


Perth. 


Dollar. ' Nooktoii. , l\ij)ppnro‘i.'5 


Oft dm. Oft. 10 in. Oft. din. Oft tin. 
174 ft. 1' h’Oft. KM) ft. 


Deanston. 


0 ft . 4 in. 
100 ft. 


im. 

1871 . 

1870 . 

I 87 L 

1870. 

1871 . , 

1870 . i 

in. 

in. 

m. 

in. 

in. 

in. 1' 

ill. 

4‘65 

6*65 

2*37 

3 * 6 }. 

3‘6o I 

2 * 941 ' 

2*20 

4 ‘ 3 o 

9-40 

1*49 

2*71 

380! 

6*^3 l| 

1*00 

275 

7 95 

•97 

2 74 

'^ 7 \ 

3*73 1 

•50 

6*10 

I 85 

1*82 

1*17 

1*36 

643I 

‘50 

5 - 4 * 

1*65 

2*C9 

I 30 

3 ‘‘; 3 ! 

1*04 ji 

1*70 

5-65 

1*05 

1*91 

*81 

1*98 1 

2*32!, 

1*80 

5 80 

5 95 

3*20 

3-30 

1*88, 

3*93 ■ 

•80 

2*50 

7*70 

1 1*84 

2’93 

1*42 ; 

2*64; 

*70 

885 

2*25 

1 4‘95 

2*32 

4*11 i 

2*74 

2 60 ! 

8*40 

5*00 

5*10 

5’'9 

4*241 

2*94 

420' 

170 

3-«5 

2*94 

4 28 

i *35 1 

356 

rSO! 

4'20 

11*95 

2*30 

7*22 

3 ! 

3 * 49 ' 

3 ‘ 9 o , 

60*31 

65*25 

! 30 ' 9 « 

3761 

31*61 ' 

41*99 

2 1 40 , 


1871 . 

1 H 7 (» 

1871 . 

1 K 70 . 1 

1 H 71 .' 

1870 . 

1 « 71 .| 

in. 

in. i 

in. 

1 

111. 

1 

in. i 

in. 

|~“l 

2*30 

2*21 ' 

1*31 

4*30 

2 50: 

3‘94 

J’ 93 l 

4*40 

1 2*00 

3*89 

2 60 I 

4*10 

4*23 

570 i 

r8o 

! ‘ 77 ' 

i*o6 

*10 ! 

2*45 

*51 

3-48 1 

5‘30 , 

•50! 

5‘^7 

•20, 

4 ‘ 2 C 

1*21 

4-40 j 

•80 : 


*90 

2*20 1 

‘45 

2*96 

1*10 

2*30 1 

1*91 

2*32 

1*00 . 

2*30 1 

171 

1 1*87! 

4 ‘ 4 :>i 

i ‘971 

3*90 

i‘8o i 

4*20; 

2*05 

I 5*35 i 

2401 

*95 1 

2*32 

‘ 50 ; 

310; 

•95 

411 I 

2*20 

' 2'47 1 

1*44 

2*20 1 

r6o 1 

3 'i 5 

1*90 , 

4*20 

3 ^4 ' 

3*24 

4-50 1 

230' 

5*31 

3 * 54 ' 

2 70 

^•55 

3‘43 

I 20 , 

2*20 1 

1*33 

3*13' 

1*30 

3 ‘ 4 oi 

1*98 

3*10 1 

3 ‘I( 5 | 

2*87 

4 * 30 ' 

34*10 

21*69 ! 

30*94 

23*70' 

32*40' 

30*22 

1 41 ^1 ; 


Division XVI.* -Eavt Midlvnd 
Counties (condnwth. 


Four \R. 


Division XVII. — Xoniir-EwTi.ux Counties. 


Anr.mri'N'. 


Dundop. 

Noi’rojioli'^. 

Arl)ro.il 1 i. 

Moniro''e 

.VsUinn. 

Tin' liurn. 
Urprliin. 

Braoinar, ! 

1 

Alvrdceii. 

Leochrl, i 
Fnslinio. ' 

' 

(ift, 

n m. 

‘J ft. 

0 in. 


... 

Oft 

4 in 

1 tt, 0 111. 

Ofr 

lin. 

r,fi. 

0 in. i 

Itw it. 

do ft. 

lltKltl. 

li.'Ui 

It. 

Ul-Ul. 1 

!U) 

II. 

8s*J ft. : 

1 

ls7t). 

1871. 

1870 

1S71. 

I.s7(t. 

1871. 

1 S 70 . 

Is71. 

1870 

1871. i 

1 

1870. 

1871. 

1870 . 

1871.' 

in. 

in, 

in. 

in. 

in. 

in. 

in. 

ill. 

in. 

m. ' 

111. 

in. 

in 

in. ' 

1*70 

•90 

r6o 

rio 

1*50 

roc 

2*20 

I So 

■So 

*61 i 

1*38 

1*30 

1*36 

roi ' 

2 10 

4*20 

2*36 

3 00 

2*40 

4‘35 

400 

4-70 

4 ‘ 4 o, 

3 <^2 ! 

2*52 

3*42 

4-03 

3*03! 

•So 

‘75 

•68 

•69 

47 

•56 

*70 

•70 

' 37 ' 

2 * 73 : 

*83 

•38 

143 

*70 ; 

*30 

6*10 

‘39 

5 ’ 5 i 

•65 

5*11 

•60 

440 

2*03 

2 65 ; 

1*50 

4*16 

ro8 

4*09 1 

1*15 

•8; 

1*20 

*72 

i ‘47 

2*12 

2*40 

•70 

2 66 ’ 

106' 

1 36 

•63 

2*38 

•91 

1*55 

rSo 

1*83 

1*42 

2 98 

1*62 

•90 

rSo 

1 28 , 

1*90 

•«3 

1*06 

1*30 

2*50 ' 

1*25 

3*co 

1*1 1 

3*21 

4*34 

4‘34 

1*70 

S*io , 

1*97 

374; 

3*03 

2*85 

2*72 

4 *.) 2 

1*40 

1 75 

1*70 

.48 

‘72 

2*36 

•30 

2*50 

479 : 

2*49; 

’80 

2*21 l*bl 

2*63 

1 

1*95 

2*14 

249 

2*54 

3*10 

3 10 

2 00 

3*68 

3*72! 

1*91 

1*761 3*03 

3*30 

; 3 15 

1 3-50 

; 3' 59 

2 78 

492 

3 ‘ 5 i 

4*2C i 

5 40 

4'oo ^ 

4*51 1 

“ 55 

3‘57 

1 3*76 

4*0 8 

i 1*85 

1 2*6o 

! 2*i8 

1 -’90 

3 

4*17 

3 ‘90 

2 60 . 

j'+s : 

1*70 ' 

"•39 

242 

' 3*44 

1*75 

1 4-25 

1 1*25 

1 3 02 

.79 

574 

1*49 

470 

1*40 

1-951 

1*62 , 

490 

1*42 

5*95 

•951 

22*15 

28*65 22*40 1 26 69 

31*01 

3374 

28*70 

33 ’ 2 o j 

30-38 ' 

30*351 

24*00 I 25*18 

32*31 

1 

29*37 
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REPORT— 1872 . 
IllELAND. 


Division XX. — ^Munster. 

Div.XXl.— 

Leinster. 

Cork. 

Kerrv. 

Waterford, 

Clare. 

Carlow. 

Height of 
Eiiin-gaugo 
above 

Ground 

Sca-level 

Cork, 

Queen’s 

College. 

Ferraoy. 

1 Konmare, 1 
Killarney. | 

1 4 ft. 0 in. 

100 ft. i 

Waterford, 

Killaloe. 

hVn 

ITo 

Bagna 

1 ft. 
lUf 

agh 

ise, 

stown. 

Oft. 0 in. 

05 ft. 

4 ft. 0 in. 
114 ft. 

4 ft. 0 in. 

00 ft. ! 

5 ft. 0 in. 
l*j:i ft. 

.5 in. 
ft. ' 

1870 . 

1871 . 

1870 . 

1871 . 

1870 j 1871 . 

1870. 

1871 . 

1870. 

1871 . 

1870 . 

1871 . 


in. 

in. 

ill. 

in. 

in. 1 in. 

in. 

in 

in. 

in. 

in. 

in. 

January 

476 

4*92 

3-50' 4 * 3 ^ 

3*371 7*50 

475 

4‘8i 

575 

4-96 

4-12 

5-48 

I'ebruury ... 

4*39 

4‘47 

3*07 

4-55 

4*67 1 6-78 

3*26 

3‘93 

3‘02 

370 

2-83 

3 * 3 * 

March 

2*24 

2*64 

2‘55 

228 

1 4 96 1 3 78 

2-99 

2*i8 , 

2*74 

2 52 

2*34 

2-04 

April 

ri4 

4-48 

•91 

3 ‘i 9 

I 5*63 j 2*48 

•82 

4 ’ 5 ' , 

2*07 

4’92 

roi 

3*57 

May 

2-38 

•65 

2*i6 

•66 

495' ‘06 1 

3*50 

71. 

3*93 

*99 

I 96 

•24 

Juno 

•64 

4*22 

•78 

3*10 

•26 5 70 

129 

374 ; 

*71 

2-75 

1 06 

2-25 

July 

1*01 

4-67 


3 80 

•^8 1 7 53 

•47 

5 '02 ; 

i‘ 3 o 

5*99 

1-531 4-^5 

August 

i*6o 

2‘05 

i*i6 

1-53 

SS> 1 S ''4 

2-17 

3*57! 

2-49 

2 81 

2-88 

2 72 

September . . . 

3 ’44 

459 

275 

2-87 

12*68' 3*98 

2*36 

2 60 1 

3*66 

2-02 

2-63 

3-co 

October 

670 

3 '43 

6'i8 

3-8a 

16*51; 7*05 

571 

5 ' 3 i' 

991 

4-50 

3 86 

385 

November ... 

3-33 

S'o6 

2 23 

1-92 

8*66 4*43 

37 Ji 

4 39 

2 ’ 2 C 

2 00 

2*31 

2*37 

December ... 

3-98 

4*20 

*89 

3 ’ 5 ^ 

1-53 j 8-29 

242 

3 9 -> 

3^0 

3 51 

- 5 > 

2 *60 

Totals 

35-61 

45 ' 3 * 

29-09 

35'56 

69*01 62*72'! 

i 33 55 

vp 

W- 

40-78 

40-70 

29-07; 33*88 


Division XXII. — Coni^augiit (continve^I), 


Ro.«common. li Sligo. 


Division XXITI. — 1' 


ClVA.V. KnXISKTLLEN’. Il AxTlir,!. 


Height of 
Rain-gauge 
above 

Ground 

Sea-level 

Holywell. 

Doo Ca.stle. 

Mount 

Shannon, 

fSligo 

R.'d Hill., 
ilelturbet. 

1 

Floren-jo 

Court. 

11 ft. Oin. 
;)()() ft. 



1 .S 70 . 1871 . 

0 rc 

Tc 5 ! tt: .n p 

1 - , g 

5 ft. 

1870 . 

G in. j 
i 

1871 . ' 

1 

1 ft. 

1870 . 

Oin. 

1871 . 

4 ft. 

70 

1870 . 

*) in. 
ft. 

1871 . 

Oft. 

1870 . 

0 in. 

>fl. 

1871 . 1 


in. 

in. '1 

in. 

in. 

in. 

in. 

in 

1 ' 

in. i, 

in. 

in, . 

in. 

. '■ 1 

in. 

January 

3-28 

2-98! 

3*31 

4*57 

3*32 

4*11 

4-19 

4*33 

4-86 

4*49 1 

2*95 

3 * 33 ' 

February ... 

2*74 

3-62 1 

4*12 

3*86 

2-26 

3*34 

2-51 

3-36 

5*38 

4*75 i 

1-91 

2-841 

March 

1-58 

2*15' 

2*23 

306 

3*30 

3-21 

J *54 

2-83 , 

1-44 

3*93 

1 46 

^'35 

April 

1-46 

3*22 

1-72 

4-18 

1*75 

3 * 5 * 

ri6 

3-31 : 

2 01 

4-56 

1-20 

2-86 

May 

1-68 

1*34 

3*30 

1*42 

2*86 

1*06 

2*91 

•92 ; 

';-62 

1-17, 

2*18 

■55 ' 

1 Juno 

1*81 

4-27 

1*53 

3*65 

2*22 

2*71 

1*22 

2-09 

1-13 

1-91 

ro6 

2-02 , 



2 12 

5*49 

1*66 

5-64 

r86 

6’53 

1-65 

7-82 '1 

•27 

8-22 

2-25 

5-09 : 

j Au^isi 

2-48 

248 

*86 

2*41 

i 3*05 

2*66 

1*24 

2-46 1 

1-38 

3*37 

*'45 

3*00 ; 

September... 

3*32 

195 

3*59 

: 2*21 

4*07 

i ’55 

3*35 

2-03 

3*74 

2-19 

2*29 

2-56 ' 

October 

592 

2*21 , 

9*92 

1 3*67 

10*12 

3*21 

7-60 

2*59 

1215 

3*57 

7*57 

2-41 1 

November ... 

1*93 

1*92 ' 

2*56 

2*57 

3*25 

3*26 

1*86 

1*78 

264 

4-24 

J *57 

2 -C 2 

December ... 

2*90 

199 , 

3*41 

3*6o 

4-.5 

3*35 

3*22 

2*52 1 

4*35 

3 ’ 1*9 

2*97 

2*15 j 

Totals 

1 

31*22 

1 33*62, 

38*21 

40*84 

42*21 

38'So 

32-45 

3604;: 

42*97 1 


28-86 

30-18 1 
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IRELAND. 


Division XXL — Leinster (continued). 


Carlow 

[contimied). 

Queen’s Co. 

King’s Co. 

Wicklow. 

Dublin. 

Galway. 1 

Brownes TIill, 
C^arlow. 

Portarliiigton. 

Tiillanioro. 

Fassaroc, 

Bray. 

Black Rock. 

Cregg Park. 

Galway, 

Quccn’.s 

College. 

1 ft 0 in. 

1 ft. 

2 m. 

B ft. 0 in. 

r>ft. 

)in. ! 

20 ft. 0 in. 

B ft. 0 in. 

8 ft. 

2 in. 

201 ft. 

240 It. 

i 2B5ft.. '' LViOa. 

00 ft. 

IBOft. 

;io ft. ; 

1870. 

1871. 

1S70. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

in. 

in. 

in. 

in. 

1 . 
in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

3-14 

3*59 

2-83 

3*43 

2-81 

3*43 

4-20 

3*79 

1*59 

316 

382 

360; 4‘ii 

644 

2 ’42 

2-78 

175 

2-00 

1-82 

214 

3*36 

3-98 

2-68 

2-63 

1*97 

2-8 1 

; i’7i 

4*7« 

2*41 

1-75 

2 28 

1-46 

267 

1*75 

3*15 


2*12 

•68 

1-22 

3 02 

*■45 

2-21 

ro8 

4*61 

■93 

3**7 

■98 

4‘oo 

•65 

3*47 1 *65 

•32 I I 20 

2-86 

i-8i 

498' 2-6i 

3*44 

1*75 

•41 

2-15 

•63 

1 2-12 

*45,1 1*17 

•16 

3*79 

■86 

1 4*36 

1-28 

I ‘06 

1*37 

•86 

1*33 

1 *69 

2-71 

1 *48 

3*08 

.70 

1*54 

98 

3*97 

! **45 

3-50 

•74 

5-20 

1-17 

5*61,1 107 

6 29 

1 -46 

411 

1 -68 

5*94 

**33 

4 951 3*43 

2 14' 3*19 

C-20 

r99 

2-62 

r6i 

197 

1 149 

1-70 

I 2-20 

1-24 1 1-96 

no 

1-99 

3 64 

265 

2*19 

1*95 

i-6o 

' 2-66 

I-IO 

1 2-64 

4-46 

1-32 

4-10 

3-02 

*■39 

3*5* 

2-18 

560 

313 

654 

2'83 

5*54 

; 2-20 8 64 

348 

664 

2 84 

6-09 

3’48 

1 9*69 

2 20 

2-21 

1-82 

104 

1*65 

•65 

. 1*44 

219 

I 81 

1*54 

1 11 

•891 1-46 

1 4*57 

1-38 

219 

1 

1*93 

1-82 

2'36 

1 70 

290 

*79 

1*94 

'99 

2-10 

j 4*5| 3*65 

1*44 

28’24' 33-10 

j 26041 i8'5* 

24-86 29-09 

1 3 JI 4 

33*15 

i ^5*01 

1 

28-1 1 

30-01 

i 3684 

j 4484 

1 3969 


Division XXII. — 

CONNAUOET. 


Divihion XXTIT. — rLSTER (coniiiined). 


An'tium [ coiitiuutd ). 


' Londonderry. ron e. 


Don EGA r.. 


Antrim. 


1 ft. Oin. 
IM) ft. 


Rrlfas^t, 

Q,u«'(mi’s 

C’ollogc. 

7 ft. 4 in. 

()rt ft. 


CarrifliforgiK ' Loiulomlorrv. Omagh. L^tmAonny ' Diing.oe. 


1 ft. Oin. 
IH i't. 


0 ft. tnn. 
HM’t 


1 ft t> in 
liNtft. 


1 tl. S in. 


0 ft li in. 
II) ft 


1870 . 

1871 . 

1870 . . 

,, 47 ,.; 

1870 . ' 

1871 

1870 

1871. 

l.sTO. 

IsTl. 

1870. 

1.^:1. 1 

in. 

in. 

in. , 

in. ' 

. i 

in. 1 

.. 

in. 

111. 

111. 

in 

in. 

in. , 

in. 

2'22 

3-18 

2-44' 

4-58 

3 37' 

3 4 * 

3-00 

4*44 

2-87 

411 : 

3*93 

5*70, 

>74 

2*64 

2 65 ■ 

3 14, 

281 

3 67 , 

2-55 

1 5 <" 

2 61 

242 ■ 

4*1 

3*50 i 

9 * 

1-6] 

1*40 

178 

1-21 ; 

2-CI 1 

rci; 

305 

•So 

2 04 ' 

* 77 

4-48 1 

■86 

3-90 

■■ 3 S’ 

3*11 

1-83 1 

4-12 1 

2-20 1 

412 

1-76 

3 75 ' 

3-26 

4*41 1 

2-38 

ro3 

2 64 

■58 

2-58 ' 

*87 

2-04 ' 

•16 

2 84 

•67 1 

3 16' 

*•29 1 

1-69 

1*94 

1*21 ' 

1*97 , 

1-20 1 

1 * 5 ^ 

*■7^, 

2-40 

*•55 

2-33 i' 

2 70 1 

3-821 

2 60 

6-29 

I 61 

3 *X 6 , 

2-27' 

500 1 

* 95 i 

6-20 

2 06 , 

5 79; 

1-82 , 

9 * 43 , 

2-87 

1 *' 7 « 

2 09 

2-83' 

57 ' 

3*97 1 

140; 

2-8o 

1**5 

219 

133 ' 

3*50 

2-36 

1 3**4 

** 43 1 

3*39 i 

2’23 ' 

1 54 i' 

453. 

3-78 

3**5 

1-67, 

590; 

2-78 

7-60 

' 1*57 

' 9*90 , 

3-08 

8-31; 

1*44 ■' 

9 1^0 ; 

1-63 

7*70 

1*49 ' 

11-05 

4*74 

, 75 

i 1*51 

1-05 

*•74 

* 36 , 

2-99 

2-50 1 

3*40 

1**5 

*•47, 

4*49 

4*50 

2-56 


1*39 ; 

184 

2*96 1 

145 1 

3*55’ 

2 70 

1 * 33 ' 

1*50,' 

4-90 ' 

4*47 

j8'54 

1 31*73 

30-14' 

31-9* 

30*70 I 

35*05* 

37-27 . 

37-18 

31 06 

3**43 

49-42 

52-63 

1S7: 

2, 










u 


in. 
2’73 
3 - 30 ' 
1-68 
2 ' 35 ' 
2*10 
2 02 ! 
2 - 14 , 


in. 

4-37 

270 

4-37 

3*22 

1*23 

2’84 

5'77 


278 i 2-29 
470 1 3-63 


850 ! 
4-02 1 
2 * 86 . 


4' 12 

358 

5-53 
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REPORT — 1872. 


Report of the Committee^ consisting of the Rev. Dr. Ginsburg^ W. 
Hepwortii Dixon, Rev. Dr. Tristram, F.R.S,, General Chesney, 
Rev. Professor Rawlinson, and John A. Tinne, appointed for 
the purpose of undertaking a Geographical Exploration of the 
Country of Moab. 

Report on the Kvploration of Southern 3Ioab» 

By CioiisTiAN 1). GiNSBuita, LL.D, 

The expedition left London on Wednesday, January KHli, 1872, and 
arrived at Jaffa on Monday, January 22nd, about eleven o'clock in the 
morning. The party consisted of Dr. (Jinsburg, Dr. Tristram, and 
Joliiisoii. IMr. Rlein, the original discoverer of tlio Moabite Stone, arranged 
to join them at Jerusalem. The object of the expedition AViis to get to Moab 
as soon as possible ; it was determined not to tarry in the Holy Land, how- 
ever much some of us felt tempted to explore the country. Wo therefore 
proceeded, at on the same day, to Randeh, taking Lydda on our 

way to Jerusalem. Early in the morning of the following day (January 
23rd) wc started for Jerusalem over Dcth-lloron, and reached the sacred city 
in the dark. 

After waiting six days at Jerusalem for an escort, and making the neces- 
sary preparations, wo left for Hebron January 30th, at 10 a.m., where we 
arrived about six o’clock in the evening of the same day. Here wc engaged 
Aboil Dachouk, the Slunkh of the Jehalin tribe, to conduct u'? sjitely to 
Kcrak. He entrusted his old uncle, Abou Salama, to head the escort ; and 
wo left Hebron at 1.30 p.m. on Thursday, Febiuary Ist. As it had been 
determined to enter .Moab by the south, wc now nuide our way to Engedi, 
and arrived at Uni (ihazelat at 3.30 r.ir. 

Though this jdace is lialfway between Hebron and Engedi almost in a 
straight line, and though tlie old Abou Salama, our guide (who, like his an- 
cestors, was born and brought up in this neighbourhood), has aetod as a guide 
to former explorers, yet he does not seimi to have mentioned Uiii (Oiazelat 
to those few travellers who have come this way before to explore the basin 
of the Dead Sea, nor can it be found in the most recent mai)s of Syria. 

We pitched our tents for the night at this bUj)po.sed new ])laeo, near the 
encampment of the liaabneli tribe. At 10.3 a.m. on Friday (February 2ml) 
we left for Engedi, where we arrived at 4..30 p.m. Here we encamped near 
the beach of the Dead Sea, and opposite thn ^Monb shore and mountains, to 
which we were making our way. Wc left Engedi in the afternoon of 
the following day, which was Saturday, and determined to pitch our tents 
for Sunday at Sebbeh. 

Between Engedi and Sebbeh we passed on the shore of the Dead S(*a the 
following four Wadys: — Wady Ghar, which is close to Engedi, and which wo 
crossed at 1 2.37 p.m. ; this Wady, which onr old Sheikh solenndy assured 
us was Ghar, is marked both in Van de ATdde’s and in Lynch’s maps as 
Areyeh. The next is Wady Chobrah, which, according to ^Ir. Klein’s most 
painstaking cross-cpicstioning, we found to be the proper spelling, and not 
Khuberah, as it is sjielled in Van de Velde’s map ; this Wady, which wo 
reached at 2 p.m., is an hour and twenty-three minutes from the former one. 
The third Wady, which is an hour’s distance from the second, and whicih is 
marked in Van de Velde as Wady Halil, we were positively assured is Wady 
Mochrath ; whilst the fourth W ady, which is about forty minutes* distance 
from the third, and which has no name at all in Van de Velde, wc wore told 
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is Nctnriyeh. The distance between this Wady and Wady Beyal, where we 
camped, wo did in a little less than an hour. 

Having spent Sunday, February 4th, at Sebbeh, and explored the ruins of 
the famous fort, wo started on Monday, at 7.45 a.m., for the Wady Zuweirah, 
where wo arrived at p.m., and encamped for ilie night. In the seven 
hours and tlireo quarters which it took us to get from Wady Scyal to the 
Wady Zuweirah, wo passed no less than ten Wadys, respectively called 
(1) Wady Sebbeh, (2) Wady el Ivattar, (3) Wady llavhav, (4) Wady Benin, 
(5) liabbat el Jumuz, ((i) Wady cl Xitter, (7) Wady Mersed, (8) Wady 
Chasrurah, (9) Wady um Berrek, and (10) AVady Ncjd. 

Of these ten AVadys, which are almost equidistant, only six are laid down 
in A’^an do Velde s map ; and even of these six the namos of three only cor- 
respond, the names of two out of the three being reversed (viz. Nos. 4 and 
5 in this 3lej)ort), whilst the names of the other three (viz. Um el Boduu, 
AVady Ilatrura, and Um Baghck) arc not to ])c found. It may be here 
remarked tliat AVbidy Nemriyoh, which, according to our guide, is on the 
south of Sebbeh, is in A^’an de Velde’s map on the north, that the cliffs como 
up quite clost^ to the sea between AVadys S and 9, leaving no beach whatever, 
and that we had Iktc to make our way o\tr the rocks. Tliis fact is not 
pointed out in A' an de V'elde’s map. 

Being determined to cross the dangerous Abdley of Salt early in the day, 
we left the Zuweirah at (> a.m. on Tuesday, February (llh. Before leaving 
this remarkahh* spot we were determined to explore it, as well as the range 
of salt mountains whi(‘h is known by (lie name of Khafhm or Jehel Usdum. 
It will be rememhered that this is the spot marked in De Saiilcy’.s liiap, as 
well as in tin' maj) of Palestine used in our Britisli schools, as the site of 
Sodom ; indeed Do Sauley di'clares that he saw here “ the ruins of a build- 
ing which wjis anciently a ])art of Sodom.’^ Anxious as some of our party 
were to see the relies of the doomed city, a careful inspection of the heap of 
btoncs referred to left no doubt upon the mind that they are tlie remains of 
a mediteval square tower, wliieh was erected here to protect the labourers in 
the salt mountains who carried on trathc Avith Hehron and otlicr towns. 

Between the Zuweirah and our entering the \ alley of Salt we j>assed the 
maiwellously torn and rent salt mountnin, as aax' 11 as three Wadys. Our 
Sheikh, Abou Salama (the brother of the very man who avus De Saulcy^s 
guide, and Avbo gave him such ininulc information about the ruins of Sodom), 
could not even tell us the name of any of tlic AVadys. One of these had 
actually bored a tunnel through (he salt mountain, and thus made a remark- 
able hole through the cave in Jebcl Usdum. The beach now Avas nothing 
loss than a soft slimy mud. The distance between the AVady ZuAveirah and 
the extreme point of the Es Sabkah, AAbere avo began crossing it, is an hour 
and a half. At 7.B0 avo entered upon tlio margin of the barren lints of back- 
Avator. After marebing for nliout three hours knee-deep in slush, and cros.s- 
ing seven drains, some of Avhich avo re dry and some still draining, avo arrived 
in the front of the vSa])]iia at 10.;{ a.m. 

lliTc our troubles began. S('eing our caA’aleade crossing the Salt valley, 
the Aloabitcs must lmA*e thought that Ave Avere fair game for plunder, or that 
wo Avere come to invade their homesteads. On approaching the Saphia, wo 
found three tribes arrayed against us in front of the Avood, beyond n narrow 
intervening stream. The grotescpie mol), as we neiired them, uttered shrieks, 
yells, and war cries, tiring off their fcAv guns, and refusing to let us enter 
their territory. Abou Salama, our old Sheikh, and Daud, our dragoman, 
with a few of our Bedouins, bravely jumped over the stream. The horses of 
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the old Sheikh and the young dragoman fell into the water, and the riders 
were soon seen rolling on the ground and struggling with their enemies. 
One of our Bedouins was lying prostrate on the ground, and bleeding pro- 
fusely. After a few minutes the Sheikh and tlie dragoman were again on 
their legs and parleying with their assailants, assuring them with solemn 
oaths that we had not come to invade the country. We were at last allowed 
to cross, and were led by these bands of robbers into the Baphia, where a 
place of encampment was assigned to us about three miles towards the north. 

After pitching our tents we clearly saw that our safety consisted in keep- 
ing together, and not straying singly into the wood, since those robbers WTro 
lurking behind the trees and l)ushes for prey. The three tribes wlio occupied 
the Saphia, and who now considered us fair game, arc the Bene Attia, the 
Maaz, and the Warroney. We were, in fact, virtually prisoners, inasmuch 
as ^ve did not venture to go beyond our tents ; and we therefore deemed it 
more prudent to remain within our encampment the rest of the daj^ which 
was Tuesday, Pebruaiy Olh. In tlio mean time the robbers secretly des- 
patched messengers to the Mngclly of Iverak to inform him that a hatch of 
European magnates were in the Saphia, and that tliey too should conic and 
have their share out of us. The son of the ^^[iigelly Sheikh of Kerak, as it 
might be supi)Oscd, immediately came over and declared that we i\'cre in the 
hands of cut-throats and robbers, and that he came to save us from thorn. 
From the respect and deference which the Saphia tribes paid him wc believed 
his declarations, and indeed began to feel ourselves more secure and at 
liberty. 

We now determined to explore the Saphia and the extensive mins in the 
neighbourhood. To do this ivc had to negotiate with the Saphia robbers, 
not only for permission hut for escort. Their demands were exorbitant. As 
we decided to sec what could be seen here w'c made the best l)argain w’o 
could; and about 11 a.m., February 7th, we started on our explorations, ac- 
companied by eight of the Saphia princes on horschack. Our direction was 
south-west of the Saphia, and we rode through a forest of acacia, thickets of 
tamarisk, and (hvarf palms, till we came to very extensive ruins. These 
ruins, according to our guides, are divided into three parts ; one is called 
Sheikh Isa (Jesus), the other Kasur cl Bashaira, and the third theMashnaka 
(hanging-place). In the second of these ruins wc saw coipses of women 
lying about. 

After carefully inspecting the ruins, which cover betw'een one and two 
miles of the ground, it may be inferred that though the bulk of those wdiich 
still rise to a considerable height above the ground are decidedly remains of 
medioeval sugar-mills and other buildings of that period, the foundations, and 
indeed thp larger portion of the liewii stones strewm about, are as decidedly 
partly relics of buildings of the Komnn period and partly the remains of edi- 
fices of a much older date tliaii the Homan occupation of this district. They 
most probably exhibit the !Moabitc fortified frontier, both against tlic Jews 
on the west of the Dead 8ea and against the Edomites on the cast and south- 
east. 

The fact that this is the southern frontier of Woab suggested anothc'r con- 
clusion, which elucidates a geographical remark in the Pentateuch on the 
limits of Moab that is greatly obscured, and is perfectly without meaning in 
the authorized version. In Numbers xxi. 12, Dl, wc are told that the 
Israelites removed from Zared, “and pitchc'd on the other side of Arnon, 
w^hich is in the wilderness that cometh out of ibo coasts of the Amorites/^ 
This verse therefore gives the Arnon as the northern limit of Moab, thus 
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nssiiring tho Tsrac^litos that all north of the Arnon up to Ilcshbon is to he 
theirs. In confirmation of this statement, the sacred writer (quotes in tho 
verse immediately following the declaration made respecting the frontiers of 
JMoah from “ Tho Hook of the Wars of Jehovah,*’ wherein the whole extent 
of Moah from south to nortli is most minutely fixed, and tho two boundaries 
are .distinctly specified, viz. tho southern boundary is Yahab in Supliah 
[8aphia], and the brooks of Arnon the northern boundary. 

Completely surrounded ))y the escort of these savages, wc left our encamp- 
ment at (S A.M. As our tents were ])itched almost in the (*cntre of this oasis, 
we passed through, for about two miles, a forest of acacia, tamarisk, dwarf 
palms, and reeds on the shores of tho Dead 8ea, bearing north-north-east. 
At about 8.20 wo reached tho ruins of Um el llasliib, and about 8.40 we 
crossed the Wady Ivorcha. 

Tho name of this Wady disclosed a remarkable fact, w'hich Dr. Ginsburg 
beluives wdll hcnecfortli definitely settle a geographical point mentioned in 
the famous inscription on the Moabite Stone. On tliis triumphal pillar King 
Mcslia tells us, in line that lie erected the monument in (piestioii at Korcha, 
In lines 21, 24, 2o ’wo are told that this king built and greatly fortified 
Korcha aftei tlie expulsion of the Jews from Aortlicrn Moab ; and though 
the WTird is treated as a proper name, and lienco is without the article, yet 
epigraphists of gnait distinction maintain that the word, according to its 
form, cannot ho a proper name, and therefore is tlic Flat-land or Maricet 
Kow tlio exist<‘ii<'e of a Y"ady nani(‘d Koreha, spelled in exactly the same 
W'ay as on the inscrijition, leaves it beyond the shadow^ of a doubt that Korcha 
on tho Moabite Stone is tin' pvopcT name of a to^Yn. Winn, in the sequel, 
WT come to Dihuii, W'c may he ahh' to show’’ the position of this towui. 

Going on still diu' north W'e came (circa 0.2 a.m.) in about twenty-two 
minutes from Wady Korcha to Wady Mirwacha, and in aii hour and a quarter 
more reached the mins of Numeira (/. ^.eirea Hblo). Those ruins arc in 
extent more than lialf a mile, and cover a surface of uneven ground. The 
stones of ancient buildings, w hich are strewm about in all directions, are 
mostly very large, about a foot and a lialf in diameter, but roughly cut. 
Some foundations of buildings, as well as the remains of a quadrangular W’all, 
arc distinctly disecjaiiblc. The groat geographical interest of this place arises 
from the fact tli.at it figures on the maps of tlic fiAV eminent travellers who 
have explored this region as the site of two Kmiarkablc places mciiliuncd in 
the Hible. 'riiiis liby and Mangles (p. 44S), as well as Lynch (p. 345), 
identify it with the ancient /oar, to w’hieh Lot and liis daughters tied for 
sh(‘lter at tho dotnntion of Sodom ; whilst Do Saulcy marks it as tho .'<ito 
of /ehoim, which W’as destroyed at the same time as Sodom. The locality, 
however, as w'ell as the name, correspond far more with tho ancient Kimrini 
mentioned in Isaiah xv. d, and Jeremiah xlviii. 3L than w’ith either of these 
h) pot h ('SOS. 

Marching due north for about throe cpiartcrs of au hour, w’e entered a 
thicket of thorny trees and hushes, and then crossed Wady A/.zal at 1 1 .30 a.m., 
leaving a fiingo of reeds near tho beach of tho Dead Sea to our loft. We 
continued our march north-east, ascending a hill and leaving the promontory 
or peninsula of Lissan somewdiat to our left. We now' ascended the southern 
portion of the ravine through which tho Wady Drab flows into the Dead Sea, 
and crossed the Wady at about 2 p.m. Our iouruoy was now^ almost due 
oast, ascending all along by the side of the ravine ; and at 3.30 w’e reached 
tho top of tlie hill Drab, about ()U0 feet above the Dead Sea. The scene of 
our encampment here w^as most charmiDg. To our left was tho deep ravine 
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through which the Wady Kerak flows, with a perfect oasis on its slopes and 
with a Bedouin encampment. To our right there was a perpendicular moun- 
tain rising above us, on the summit of which are the ruins of an ancient 
tower, which was evidently designed to guard tho pass to Kerak. At our 
back was the peninsula of El Lissan, and in front of us wore the steep moun- 
tains of Moab, through the defiles and over the giddy heights of which wo 
had to wind our way to Kerak. By tho lurid liglit of our bivouac fires this 
remarkable spot looked sublimely lonely. The Mugelly with great cunning 
selected this place as best serving his purpose. 

Wc retired to rest, little dreaming what wo should have to wake to. In 
order to show how secure we were under his protection, and to lull us to 
sleep pleasantly, tho Mugelly got up a sham fight with the Saphia robbers, 
charging them with mean behaviour towards us, and threatening to stab 
them, for which purpose ho iictiially drew out his dagger. As it was an affair 
between themselves, quarrelling about the money wo gave them to buy tliom- 
selves a lamb for supper, ’we did not interfere, but went to sleep as soon as 
the deafening noise of these villains subsided, and rose early to resume our 
journey to Kerak, which w^as only four hours and a half dislant. 

It was here that the true character of the young !Mugclly showed itself, 
and that we learned f-o our bitter cost ivhy he urged us to dismiss our Jehalin 
escort, and W'hy he adroitly selected this lonely spot for our encampment. 
Ko sooner did he perceive that we had begun to strike our tents than ho 
demanded £70, and declared that ho would not allow us to proceed unless 
the money was forthcoming. He at last consented to take 25 napoleons ; and 
at about 8 a.3i. wo started on our journey. What might happen to us at 
Kerak when lodged in tho clutches of this vagabond was more than any of us 
dared to think of. Wc fried to comfort ourselves with the fact that one of 
the gang was a Christian, and that he might be of help to us when tho worst 
came to fho worst. We proceeded on our journey not in a very good humour 
for exploring. Wc continued ascending a ridge of wild mountains, called 
Akabat Charaza, crossed the Wady Charaza, and came to the ruins called 
El Kabo (i. e, tho cave), about 1000 fet‘t above the Head Sea (circa J) a.m.). 
Here w^e were told a Christian Sheikh lived in olden days, who exacted tri- 
bute from all travellers to or from Kerak. The hill on the right of El Kabo 
is called Bothench, whilst the hill more to the north still is called Elmanzar 
(i.e, watch-tower). Ascending still higher wo climbed a ferruginous hill, 
called Jebel el Hadid, passed Wady Umeshanan at 0.^0, Wady lluscis, with 
the spring called Ayin lluseis, at 11.15, reached the plateau of Omsidre at 
12, and descended to the bottom of Wady -Kerak at 12.40. We now began 
climbing an almost perpendicular zigzag, leading to the summit on which 
tho ruins of this famous fortifteation, witli its eiiclostHl huts, are planted. 

On our way to Kerak, tho Mugelly was very anxious that we should earnp 
outside this vulture’s nest in the deep valley below, which is exceedingly 
fertile, and where there are ruins of ancient buildings and a sugar-mill. To 
this we decidedly objected, as wo should have been cut off from all communi- 
cation with the inhabitants, and in that case the vagabond could make any 
demand upon us without the possibility of our aiipealing to any one. lie had 
therefore to lead us up to Kerak. The road consists of a ver}'' steep terrace 
on a charming ravine, strewn all over with stones of different shajics and 
various sizes. These stones being imbedded in the precipitous ascent, form, 
in fact, crooked steps. 8o steep is the ascent, that we had to dismount and 
lead our horses. We reached the top at 1.30 p.m. 

It was fortunate that we went to examine tho place immediately after our 
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arrival ; for soon after we returned to our tents the son of the Mugelly, who 
brought us from the 8aphia, came and demanded no less than (>00 napoleons, 
as the remainder of the money for bringing us hero and for allowing us to 
encamp at Kerak. We of course refused to pay any thing, and told him that, 
although he had extorted 25 napoleons from us, he had no right to act in this 
hostile manner, Seeing that were determined not to be bullied out of 
any more money, he forbade ns to leave our tents, and wo thus became pri- 
soners. In this plight wc were visited by the (Ircek catechist, wliom ^fr. 
Klein knew. He procured us a messenger, whom we secretly despatched to 
Jerusalem with a letter to !Mr. Moore, the British Consul, informing him that 
we were prisoners and that GOO na))oleons were demanded of us. 

As it was Saturday wo made up our minds to a (luict rest in our tents for 
two days, which we did not grudge, as we were tired and wearied out with 
annoyance from the Kerak vagabonds. In the midst of our gloom, however, 
a ray of light appeared. We heard that Zadam, son of the Slieikli of the 
Bene Sachar, with wliom Mr, Moore the consul liad made a contract at Jeru- 
salem to take us from Kerak to the north of the Arnoii, had arrived here, and 
was the guest of the Mugelly. 

The old Sheikh, the father of the Mugtdly who had plundered us on onr 
way from the Sapliia, wo liad not seen as yet. W(' were told tliat ho camped 
throe hours from Kerak, that lie was a better man than liis rascally offspring, 
and that though “his helly, too, was as large as our tent, his mind was as 
wide as the ocean.” W<^ tlierefon^ sent a messenger to our futim* protector 
and guide Zadam, re(|uesting liim to come to onr tiails. At about 12 a.3i. 
the old Sheikh of the ^Mugelly, ^^ith Zadam of the Bene Sachar, and a host 
of Moahite grandees eainc to ])ay us a visit. To this old ^Miigdly Sheikh 
in eonelave we reciti^d our trouldes. lie at once set us at h))erty, and 
told us we were perfectly fre(' to go >\lH‘ro we liked, tl)at his country 
Avas our countiT, and no man shouhl dare to touch us or make any demand 
of UR. 

Our joy Avas uoav l)('yoiid bounds. Wo Avere not only set at liberty Avilhout 
money and Avitliout })nce, but AVi‘ Avere told Ave miglit go wlu'rever and do 
Avluitever wo liked. To our furtluT sati^laetiou we saw the old Slieikli taking 
his seat on the ground aiiKUig Ids magnates, fifty a aids from our tents, with 
his son op]) 0 .site 1dm in the ring, and heard 1dm rating' the scoundrel as hard 
and as loud as ])ossible, telling him that ho had brought shame and confusion 
of face upon his old father in tlie sight of these (dz/.s-e/s- (which is the name 
they give to distiiiguislied foreigners), and dei landing that the 25 napoleons 
taken from us should at once la*’ restoi ed. Wo even hoard that the money 
Avldch had been dividi'd between tlu' ddef roboer and about a dozen minor 
seoundrels Avas adually bi'ing eollectial. Being thus si't at liberty, Ave di'voted 
the rest of Saturday and lla* following day to the exploration of this stupen- 
dous ruin and the (own. The following is a summary of the results: — 

The very ent ranee into this ext aordiiiary ruin of Ki'rak, or the Boek of 
the Dosc'rt’’ {l\tra as it was (adhal in the middle ages, is reinark- 

ahle. It consists of a long and winding ])a.' sage of about fetd tlirough a 
high ridge of llu' natural rmk, whieh forms a eavorii gate. It is in such a 
zigzag that avc could not see those of onr party a\1io Averelilteeii yards heforo 
us. It is Lsunuounted by an illegible Arabic inscription. Looking at it from 
the summit of the neighbouring mountains Avliicb overtop it, Kerak exhibits 
the form of a rude triangle; wliilst from the bottom of the raA’inc it appears 
like a vulture's nest, constructed on a peak more than 4000 feet above tho 
Dead Sea. 
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To understand the plan ^ of this fortification, it is necessary to bear in 
mind that the hill, the summit of which contains Iverak, rises on three sides 
from a deep valley, thus yielding natural buttresses, which, from their im- 
mense height and pcrpeiidieiilar form, defy any attem])! at scaling them. It 
is only the north-west and south sides which are joined to the neighbouring 
mountains by crests of rocks; these, therefore, require artificial protection, 
and it is for this reason that the fortification consists of two distinct parts, 
viz. the tower on the north-west and the castle on the south. 

The tower is a largo oblong building of immense height, constructed of 
very huge and neatly cut sandstone. Yiewing it from the town, it looks like 
three out of four skeleton walls of an unfinished edifice, being open towards 
the defile. It is furnished with galleries and staircases inside the thickness of 
its walls, putting the different stories of which it consists in communication 
with each other. It presents its three faces (the circumference of which 
measures about 131 yards) to the defence of the exterior, and is joined by 
its two extremities to the town which it was designed to defend. The stones 
of Avhich it is built have been cut from the side of the rock on which it is 
erected. Ey this process the north-western side has not only been separated 
from its adjoining mountains, but the tower has obtained a very steep but- 
tress. From the Arabic inscription Kl Melck — Baker — Bifhars in the central 
wall, it is called “ The Tower of Daher,’’ or ‘‘ The Tower of Eyhars.’^ It was 
within this three-walled tower that wo camped, and were imprisoned in our 
tents. AVe saw Jerusalem most distinctly from the top of this tower. The 
castle or fortress on the south, which was designed to defend this side, left 
by nature unprotected, is in form a long square, widening towards the north, 
the north face being about 153 yards, the south 87, the east 218, and the 
west 240, thus making a circumfercjice of about 098 yards. It is separated 
from the city on the north by a wide ditch, and is defended on the south by 
an immense reservoir, which is flanked by an enormous ditch, more than 
98 feet wide, cut in tlic rock. A rampart, with galleries stretching across 
the length of the enclosure of the castle, divides it into two courts, viz. a 
lower court towards the cast, and a higher court towards the west. 

In the eastern or louver court is a chapel, A\ith nave of 82 feet long, four 
windows, two in each side, and ending in a semicircular arch. There is a 
staircase in the tliickness of the north wall, Avhich leads to the platform on 
the top of the edifice. Irby and Mangles have noticed remains of larg(* fresco- 
paintings, one apparently representing a king in armour, another the mar- 
tyrdom of a saint wlio lias his bowels twisted out, as well as an imperfect 
inscription in Gothic letters (p. 3fi4). Jhit Avitli tlie (‘xcoption of the inscrip- 
tion ]iothing is now to be seen. This court also contains the dungeon. 

In the angle of the western extremity of the higher court is the gate of 
the castle, which leads, tlirongh a long and narrow 2)assage, to two other 
doors furnished with portcullis and complicated defences. These had to ho 
passed before entrance could ho obtained into the enclosure. The court con- 
tains niimerons cisterns and immense magazines of five or six stories high, 
which are now partly dilapidated. This castle was built about a.d. 1143 
by Payen, who was cup-bearer to the King of Jerusalem, and who received 
Kerak as a fief after the execution of Knight Eomanus. 

* For a sketch of the jfian of Kerak, as well as for an able treatise and sonic verbal com- 
munications on the same .«;ubjcct, according to which I have been enabled to correct and 
supph'inent my rough notes, I tender my best thanks to M. Mauss, the learned architect 
of the Due de Luyne’s expedition to the east of the Dead Sea. For the working out of the 
plan which was exhibited I am indebted to my wife. — 0. D. Ginsbukg. 
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Between the Tower of Bybars on the north end and the castle on the south, 
there arc ruins of numerous buildings as well as an immense reservoir. 

Tlic plateau on which the town is built measures in its greatest length 
from north to south 852 yards, and in width from cast to west 770 yards. 
Taking it as a rude triangle, the north-east face of the rampart measures 
about 1 02S yards, the south face 808 yards, and the west face 7 *^ 2 , making 
a total of 2028 )ards. In other words, the plateau of the rock on which 
K(‘ruk is built is not. only more than dOOO fec^t above tlic Dead Sea, but is 
surrounded by a rampart more than a. mile and a lialf in circumference, ex- 
cdusivo of the tower on the north and the castle on the south. 

Bui though the forliiieations are of the crusading period, some of the ruins 
ill the town, and of the materials used in the constiuetion of the modern, 
dwellings, are decidedly relics of the Koiijan occupation of this place. These 
liouscs, wliich are souk* distance from the fort idea turns, are, as a rule, under 
tlio ground. Tluy ('xliibit a very extraordinary appearance at a distance, 
sinc(^ little more than tlie outlines of scjuares are vi.si)»le above the ground. 
Dr. (iinsburg rode over several of them without porceiNiijg that he was on 
the to]) of human residences. On goinu: or deoeeiidiiig into one of them, ho 
found it consisted of oiu' large room only, and had a few iirehes tlirown across 
it, on wliich were the rafbTs. In this hou^e, wluch was occupied hy a rela- 
tive of the Sheikh of Kernk, were the bases of four anei(‘nt cohimiis, with a 
^losaie pavmneiit in the centre, of wliieb the occupant made a circular hearth, 
with a raised rim around it. A fire was burning on it ; and as tiiere was no 
liole in the rool‘ to serve as a vent, the whole room was full of smoko, so much 
so lliat lie could not remain there more than a few ininut(‘s, much ns ho 
wished to examine the place. 'I'liero were also raisi'd recesses in the room, 
serving as a bed jmd as recejdades for corn. Dart of the room also was set 
a])arl for the horse, and the goats too wen* admitted. There is not a single 
dwelling-place among the hundreds of b.ouses with a window. 

The ])opuIatinii of Kerak is ahout 8GOG, about dOoO ^lussulmans and IGOO 
(irock riirislians. The foimer count about 2GI)() musket .s, and the latter 
from about 500 to 000. After a minute iiispeetion and examination of the 
ruins of the place. Dr. (Iinsburg could discover no trace whatever to justify 
us in marking Ivcrak on our majis as tlie Kir Moab or the Kir Ilarasoth of 
the Bible. 

AVe were now determined to make the best of our time ; and lla^ing heaid 
tliat the Shoikli of the Mngelly, wlio appeared ns our second deliverer, was 
lik('ly to disaiipoint us, wt* endeavoured to see as much as possible. Wc 
therelbre startcal rally on the ibl]»)wing day aceoinjiaiiied by two horsemen, 
nephews of the Sheikh, to survey the neighbourhood of Kerak. \Ve rode to 
the south of tlie town over magnilieont ridges, do^\n rugged and steep ravines, 
and across beautiful liiglilaiul country from 8 \. m . to 5.B0 r.Af. 

first came to the j)lace called (ielanieli el 8a]»cla, from which Ibrahim 
Pasha boinharded the town. 

At 11.15, still travelling S.S.E., we reached the first ruin of Kirjathaim, 
which is on a hill. The stones which luaik the basis of the walls are now 
in a different position from wdiat they oiiginally were, and distinctly show 
that the traces of tlie hnildings which lliey indicate are of a much later date, 
jirobably of the crusading period. As the summit of the hill is only about 
JOOO yards in circumrercncc, and as the ruins on the slope around do not 
extend very far down, the town must originally have been small, 8till tlio 
immense stones which are strewn about in all directions, and the extensive 
caves on the ridges, show that it was in olden days a very strong and im- 
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portanfc place. There are terraces running down at regular intervals to the 
bottom of the liill. 

At 9.20 wo roacliod tho sLstor hill, on which the second part of Kirjathaim 
stood. Its ruins are almost exactly like those on the other hill. And as the 
terraces here like those there dcsct'ud all around, the rings of whicli they 
consist, as a matter of course, becoming wider and wider as they 
near the bottom, tlio last terraces of tho two hills meet at the foot, and so 
connect tho two parts of the town. ¥or this reason the place was called 
Kirjathaim = “ the donfik-townedS^ In each part we saw a deep well, with 
thoroughly cemented walls, capable of holding a very largo qiiantity of water. 
As the crow Hies, Kirjathaini does not seem more than ten minutes from 
Kerak. 

At 9.30 we left Kirjathaim, and in less than ten minutes we reached a 
place called Kirbach ^STulet, and in about a quarter of an hour after (9.45) we 
came to Kirbath Aziza, Here wo found an old wine-press cut in the rock, 
and on tho other side of the ruin we saw an enormous well. A very little 
further on we came to Kirbath Kukad, and at lO.lO to Chorba Cliaviya. Wo 
then reached (at 10.40) a tremendous natural cavern, called (lava, and got to 
Mochra at 10.53. This is a very extensive ruin, and has some remarkable 
cisterns, caverns, and other remains of form(‘r glory rarely seen in other 
places. The most interesting part of this place, howevcT, is in its bearing on 
the history or geography of .Monb as recently disclosed on the Hoabite Stone, 
inasmuch as it supplies one of the two missing places mentioned on this 
Triumphal Pillar. Tn lines 13 and 14 of the inscri]>t.ion, Mesha, king of 
Moab, tells us that afU'r ca])iuring Ataroth and slaying its inhabitants, “ the 
men of Gad who dwelled in it from time of yore,’’ he repe()])led tho place 
with “the men of Moehrath.’^ Tho context plainly shows that these men 
must have been faithful suljocts upon wliom the king could roly, and that 
hence their dwclliiig-placc was south of the Arnon ; but as far as our know- 
ledge goes, no su(ili place has hitherto heeii ideiitified. There can theretbro 
bo hardly any doubt that tliis is the jdace. 

Within five minutes of the above ruin ( 19.57) wc came to a place in ruins 
called Gel-gul, Aft(T an hour and a (piartcr (12.7) wo reached ^lode, where 
we saw a Homan niile-stono. The inscription was so delaced that wc (;ould 
not decipher in which reign it was set up. At 1.25 wc ])asscd tho Wady 
Mcdin. On our way back we cxainiued the ruin Cliorbath Theiiiuh, whicli 
is close to Kcnik. It is an extensive ruin, and it is ratlnu’ remarkable that 
so largo a fortiiieation and town should have been erect(‘d so near the for- 
midable forts of Kerak. 

It was vrcli that we had made use of our liberty thus to examine tho 
neighbouring country ; for on our returji wo found the old Sheikh with his 
retinue of sons, cousins, nejdiews, brothers, and otlicials sitting in council 
around and within our t( iit. He heard that wo were to leave Kerak soon ; and 
as he wanted a pretext to jdunder us, he told us he had been informed that wo 
had sent a messenger to Jerusalem to roj>ort his son's conduct. Tho fact is 
that the Greek ])nest, who for some reason or oilier exjiectcd money from us, 
and of course was disappointed, got 1o know that his cat<‘chist liad secretly pro- 
cured us a messenger, and reported to the HugelJy Slieikli that we had sent a 
letter to Jerusalem. What harm this could have done to the old Sheikh was 
a mystery, since he prctendi'd to rejmdiate his son’s robbery. The motive, 
however, was apparent. In spite of all his cunning devices to conceal it, wo 
saw perfectly well that he wanted to extort money from us, and that he must 
do it at once. This pretended deliverer of ours therefore suddenly changed 
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into an insulted enemy. Ho declared in the midst of his people in our face, 
that he cared neither for the Governor of Nahulus nor for the Pashas of all 
the East, nor for the Consuls at Jerusalem, and that he was determined to 
send us back to the Haphia to the robbers, from whom he now said his son 
had delivered us. The young Mugelly had therefore no more made his face 
black by his conduct to us at tlio Brah as the old rascal declared before, but 
rendered us uns 2 )eakablo service by saving our j>ropcrty and our lives. 

This was now the story of the old Mugelly Sheikh, and to this we had to 
address ourselves. Our feelings may easily be imagined when we found our 
j)rofesscd friend suddenly changed into as great a robber as liis son. Tbo 
Bene Sachar chief who came to Kerak to fetch us told us that it all meant 
money, and that we must make up our minds to submit to another extortion. 
Tlio (]uestion Avas tlierefon^ discussed Avbat Avould satisfy the old vagabond. 
We decided to give him twenty na 2 )olcons and his brotluT five napoleons, and 
with this lie Avas satisfied. 

With feelings of great relief avo left the old ruined castle, congratulating 
ourselves that wc had at last actually escaped from this fiery furnace. But 
Avc had not gone more than .‘klO yards Avhen a very violent rain commenced, 
accompanied by a torritic hailstorm. The horses refused to proceed, and Ave 
had to return to take shelter behind the Avails of the Greek chureh. In a 
few minntes avo were Avet to the skin, and it seemed that OAcn the elements 
conspired against us to keep us at Kerak. 

After Avaiting for an hour and a half behind the Avails and among the 
tombs in this drenching Hood, Ave made a fresh start at 12.150. The anxiety 
of the mnlcdcors to get away was so groat that lh(‘v A\'ould not allow the, 
storm to stop them, and had gone on Avithont ns. Our joy in leaving, Avhieh 
Avas noAv brightf'iuMl by a httb' sunshine, made us forget tliat avc had tre- 
mendous ravines to d(‘seend and piveijutons heights to climb of thousands of 
feet. It Avas only wlum Ave aa’(Tc aetually facing these giddy heights and 
de]>tlis tliat AAo began to tliink how their natural dilficiilti(‘s AV(Te now en- 
haiieod by tlio heavy rain. Jlowever, aa'c got through A>ithoiit any further 
accident than some of tlu^ Tiuih‘s falling down and upsetting tlie luggage, 
Avdiicli created a Jl.ibel of swearing and siu-h an incessant shouting and cla- 
mouring amoiig.d the Arabs as only those can realize Avho have ever had the 
misfortune to he:ir it. 

On our Avay to Kahha, aftiT ascending the next height, avo ]»as.sed along a 
beautiful highland, Avhich might ho made exceedingly fertile by a little cul- 
tivation ; hut these Bedouins pr<‘fer plundm’ to woik, and^ only sow tliat 
Avhich tlu'y ah.solutely re(]uire for themselves and c attle. The v, hole journey 
from Kerak to Uahha took us three hours and a half. We jaissed througli 
C’horhatb Uakin, a small nan about an hour from luu'ak, Belher. and Min- 
(diar. Whatever these ])bices may have beiui in olden days, at jiresent only 
largo scattered stiuu's and the bases of Avails remain to show that at all events 
.some of the buildings amto strong and eupahle of defeneo. At four o’clock 
in the afternoon wo roaeliod Jlabha. 

This is su])p(>sed to ho Ar, the aiiciout catutal of AIo:d) (Bout. ii. B, 2B). 
Wo eamjiod on tlio site of an ancient pool, about HO by (JO yards, and about 
21 feet deep. There Avero three large caverns in t}u‘ Avails, Avliieh Avero a 
godsend to us ; for it Avas pouring rain on our arrival here, and these eaves 
allorded shelter to us and our Imrses Avhilst the tents Avere being jdtehed. 

Between our camp and the ruins of Bahba tliere Avas about a (piarter of a 
mile, and there Avero two more pools from Avhieh the ancient city derived its 
chief Avatcr-supply. As the rain conliuucd avc could not do more than inspect 
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tlie ruins before nightfall ; but early in the morning Dr. Ginsburg and 3k[r. 
Klein wcjit to examine tliem more closely. Unlike Kerak, Kirjathaim, and 
other ancient jdacos, the ruins of llabba, wliicli arc about a mile and a half 
or two miles in {'ireiimfeience, are situated almost on a level, with the ex- 
ception of one part, which is on a very low hill. On the northern side are 
the remains of an old temple, with several columns still standing. There are 
on all sides caverns, large and small, cisterns of various dimensions, and wells 
of all sorts, which show that the place in its entirety must have been of great 
importance. There are, moreover, scattered among th(^ ruitis, large blocks 
of basalt, which arc hewn into smooth stones for use, and which arc evidently 
of much older date than the bulk of the ruins. 

It was here they saw a basalt slab, of almost exactly the same dimensions 
as the celebrated Moabite Stone, wliich laid evidently been prepared for an 
inscription, but whicli, for some reason, had been left uninscribed. Several 
others of smaller size were also seen, Avhich, from tlieir slahhy a})pearance, 
were apparently intended for tablets. These ancient rdics alford every op- 
portunity to the dealers in Moah and Jerusalem, Avhosc cupidity lias been roused 
by the discovery of the ^loabite Stone, to sujiply the demands of the market. 

The impression that was formed of the ruins of Kabba is, that lliough there 
are among them many vestiges of the Itoman period, snoli as pillars, cisterns, 
extensive roads, &c., there are very few relics of an older date. To examine 
llubba thoroughly, as it ought to be done, one should remain on the spot, and 
work quietly for at least a week, turn up all the imjiortant stones, and in- 
vestigate and measure all the various pools, cislerns, and caverns. This, 
however, we could not do. Ihit after a close examination of the place and 
its surroundings, they came to the conclusion that Ihibba is not tlie ancient 
At^ the anti(|uated form of 111, or AR Moah^ as it is stated on the most 
recent maps, llabha is almost in the centre of Southern Moab, whilst the 
Scripture Ar Moab was on the coniines of tlie Arnon, and marked the ex- 
treme northern limit of the trans-Ariioiiic I^loal), Yaliab in the Sapliia de- 
fining the southern frontier (comp. Dent. ii. tib ; Joshua xiii. 1(5; Kumb. 
xxii. 3(J, and ibid. xxi. lb and 14). The Greek name Areopolis was first 
given to the ancient Ar Moab on the Arnon, and afterwards, when Ar Moab 
was destroyed by an oartiiquakc (comp. St. Jerome on Isaiah xv.), it was 
transferred to the modern Kabba. 

Wo left Kabba at S.2b (Teb. loth) on Thursday. At tra\ oiling 

K.K.E., we came to a place (‘ailed Ka.sr Kabba ( /. e. the Palace of Kabba). 
The ruins here, though small, arc exceedingly massive. Tlie stones of wliich 
the palace 'was built are enormously largo; they are lievdltnl, and somewhat 
resemble those of the old wailiiig-jJace at Jerusalem. The bases and cor- 
nices of columns whicli lie about on the ground measure 4 feet S inches in 
diameter. The fact that in many jiarts of the sliatlered walls the bevelled 
part of the stones was turned the wrong Avay, shows that the buildings iiavc 
been shaken by a violent eartlKpiake. 

In leaving Kasr Kabba at 9.55 wm saw, at a distance to tlie left, ruins on 
a hill, wliich are called Shielian. On the greater part of the way to these 
ruins, the old Komaii road is still most distinctly traceable. Whilst some of 
our party were marching with the mules to tho Arnon, we galloped to Shi- 
chan, which we reached at 11.20. It is 4700 feet above the Dead Sea, and 
has a very remarkable cistern on its summit. The distance between Kasr 
llabba and Shichan is about 8 miles. In descending the summit we found 
ourselves for at least a mile and a half on regular terraces, which had evi- 
dently been most carefully cultivated in olden days.’ 
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On leaving this place at 11.35, and marching to the Arnon, the change of 
the soil was extraordinarily sudden. From the fertile ground around these 
ruins we all at once came upon a most dreary wilderness, wliich was only 
relieved by tremendous holes in the ground, and by dried-up and stunted 
bushes. It was not till wo came close to the verge of the Arnon that signs 
of fertility began to show themselves. We reached this awful ravine at 
1.55 p.M. 

The southern side, though not as perpendicular and as grand as the descent 
at Engcdi, is exceedingly steep, being 2150 le(*t d(‘e]). It took us fully an 
hour and a half before we reached the stream at llie l)oitoni at 3.30. All 
the way down the traces of the old Koman road and nntinished Roman milo- 
Btonca are to bo noticed. The stream is narrow and rapid, and to the riglit 
of the descent are still to be seen the ruins of two arches of the bridge, which, 
however, in its present form, is not older than tlie time of tlie Crusades. 

The cliff at the northern ascent is 11)00 feet high. As the road extends 
over wider ground, it is on the whole not so steep. It took, however, quite 
as long a time to ascend it as the descent on the southern side oceu]>ied. 

Here, where tlie maps put the ancient Aroer, Pr. Oinsl)urg and Mr. Klein 
left Dr. Tristram and his friends. A me.sscniger had arrived from Jerusalem 
wnth the sad tidings of the dangerous illnes.s of Mr. Xl('in'h eldest child, lie 
at once decided to return to Jerusalem, Avhich was pei feci ly natural. ^Ir. 
Klein was the only one who could talk with the Anibs, and we were almost 
entirely dependcuit upon him for the information fr<»m the Redouins. The 
Arabs pronounce the same word dih\*rently ; and apart IVom a thorough 
knowledge of the language in all its various provincialisms, it requires great 
tact to obtain the uecc'ssnrv information from tliem. ^Ir. Khan, with his 
complete mastery of the language, and e.sjieeially his intimate acquaintance 
with the ways, manners, and eiisttmis of the Arabs, not only knows how to 
get information out of them (a tact whidi he accpiin’d by twenty years' resi- 
dence among and intercourse with them), but, above all, be understands how 
to te.st the correctness of tin* information by a series f>f dirt'ct and indirect 
cross-(piostiouing, whicli is (piite an Kasiern art. As it a])peared to Dr. 
(xinsburg that Mr. Klein Avas thus an essential member of tlie expedition, ho 
determined to return witli him. 

Dr. (Jinsburg continues : — 

Wo left the Arnon at 7.30 r>r., February Dltli ; travelling due north, 
almost all the way on the remains of the (dd Roman road, and passing the 
imaginary site of tlu' Ibblical Aroer. Ave eamo to tin' mins Avbieh go by the 
name Diban at 8 v.m., I.r. in about half an hour. From the fu-t that the 
famous Moabite Stone Avas diseoA*ered ln*re, 1 dtTotod .some time to the ex- 
amination of the place, 'fbe Avliole of this once celebrated stronglmld is in 
ruin.s; there is not a single but to b(* ibujid on live spot. The circumference 
of the ground on Avhich the ruins lie prodrate is at least a mile and a half. 
Like Kirjathaim in the south of the Arnon. this toAvn Avas originally built on 
two hills, the sloping terraces of Avhich joined at the ])ottom; and by this 
means the place, Avhieh looked at a distance liki' two distinct cities at the 
top, Avas joined into one at the bottom. XotAvith.standing its undoubted age, 
foAV traces of anli([iiity are to lie seen among the shattered ruins of the Avails. 

The old stones liave evidently been used U]) for lat('r buildings; and it 
would re(piire a sojourn in the place' for at least a fortnight cau'fully to turn 
up the foundations and the heaps of ruin.s to ascertain Avhetlier some other 
valuable relies are to be discovered here. 

From a careful iu.spcction of the place in connexion Avith the ruins not far 
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off, I am conyinced that it is not the site of the ancient Dibon, but of Korcha. 
My reasons for this conclusion are as folloAys : — i. In all the eight passages 
of the Bible wherein the name Dibon occurs (Numb. xxi. 30 ; xxxii. 3, 34 ; 
Josh. xiii. 9, 17 ; Isa. xv. 2 ; Jer. xlviii. 18, 22), no data are given to fix its 
exact site. The christening, therefore, of these ruins by the name Dibaii, on 
the part of the Arabs, like the naming of many other localities, has been 
suggested by Biblical explorers, ii. The Moabite triumphal pillar which was 
found here gives us the direct information that Meslia erected it at Korcha, 
a city which this monarch built. As no one who will examine the enor- 
mously heavy fragment's of this huge block of basalt, with its delicate inscrip- 
tion, will suppose that it has been brought here inta(;t from anotlier place 
without the inscribed letters being injured, the spot wdiere it was found must 
be the site of its original erection. And, hi., betw’ecn this place and the 
Btrcara Valch, an hour’s distance, there arc several old ruins, the names of 
which our Bedouin guide could not tell. One of these is most probably 
Dibon. 

After a careful investigation of this ancient site, we left to cross the north- 
Arnonic portion of Moab. Our route was now to have been over the upland. 
Going in a north-westerly direction, we passed several ruins, and crossed tho 
stream Valeh, about an hour from what is called Dibon. Erom this place, 
instead of pursuing tlic iisual course, due north over the liighland, oiir Bedouin 
took us westward, right over the range of mountains to Mayin, or what is sup- 
posed to be Callirrhoe. In this charming valley, to tlie hot springs of w’hich 
Herod the Great resorted during his last illness, w'e pitched our tents close to 
the encampment of the Aw\azim tribe, to whose protection w’o w^erc recom- 
mended by Aboil Zadam of the Bene Sachar. 

lilarly in the morning, February ITtli, we left for the Jordan, escorted by 
Abou Wardy, the Sheikh of the Awazim. lie, too, led us across the range 
of mountains instead of by the usual upland road. The most remarkable and 
significant part of my experience, bearing on the value of the information 
obtained from the liedouins, 1 gained on this part of my jounie)'. In looking 
at a map of Palestine, it wall be seen that tliis range of mountains has played 
a most important part in the history of the Jevrs. From these heights Balak 
king of Moab, and Balaam the prophet of Haal, bclield the Israelites en- 
camped on the Plains of Moab. From here ^^o^es llu‘ great Lawgiver saw tlie 
promised land : here he died and Avas buried. Here Ave passed across tho 
very spot marked on the maps as Pisgah and Nebo. 

We had wdth us, from the Arnon to ^[ayin or GallirrhoiL a Bedouin wdio 
Avas a natiA’e of Northern Moab, the whole extent of A\hii*li is only about 
twenty miles in length and as many in Avidth. The fact that he wms tlio 
only companion of Zadam, the magnate of tlie Bene Sacliar, and that wdth 
this chief he was to he our guide for more than a month, siiificiontly shows 
that he was no ordinary man of his tribe. From ;^^ayin again to tho 
Plains of Moab and the Jordan Ave liad AAuth us tho Sheikh of the AAA^azim 
himself, who Avas not only born and brought up in the niughbourhood, but 
is the chief of the Avliole district. Yet neither the sc'cond in command of tho 
Bene Sacliar nor even the cliief himself of the Awaziin could tell us a single 
name of gorge, valley, mountain, or ruin Ixdwceii Diban and the Jordan. 

The reason of it is simply tliis. In Palestine, Avhieli has been visited by 
pilgrims cA'or since the fourth ecntuiy, Avlio canio in search of the jdaccs 
wherein the events connected Avith tho life of our Saviour have transpired, 
the law of demand and supply has brought to the surface whole regions 
which would otherwise never have been named. Those who came thousands 
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of miles under the greatest privations to do homage in the birtli-pkco of the 
Saviour, on the various spots whore the greatest of his miracles were per- 
formed, where ho suifered, died, and was buried, were determined to have 
the scenes. Hence the different sections of the Churcli, inspired by pious 
devotion, and aided by the cupidity of tlic natives, luivc not only been able 
to discover the place of every evc^ut, but to secure for themselves severally a 
different spot where the same event was enacted. 

The cose, however, is different in Meal). Here no events connected with 
the life of Christ Inivo taken place. Here no pilgrims have come in search 
of sites. Very hjw even of explorers have traversed the country. Ilcnco 
the natives, who can neither read nor write, and who arc dependent for 
information upon hearsay, have Jiover heard from outsiders what places are 
wanted, and therefore do not kiiow^ them, and cannot supply them. 


Geor/raphical Exploration of Moah, Btf Ttev. 11. B. Tkistram, F.E.S, 

Tiik expedition for the exploration of the eonntiy of ^toah, so liberally 
aided hy the grant of the Jh'itLsh Association, set out from Jerusalem on tho 
tiOth of January. Our ])arty was reinforced ly Mr. K. (k .lohnson, who proved 
himself invaluahle both as a surseyor and a photographer; ^Ir. Jhixton, not 
less olUcient as a photograplu'r and observer; Mr. Ilayne, who diToted him-, 
self with great smaess to the ]»otany of the country; Mr. Mowbray Trotter, 
to wdiose gun wa* w't're indebted for many a meal ; and the Bcv. F. A. Klein, 
of Jerusalem, the discoverer of the Moabite Stone, w'ho.se tliorougb kjiowlcdgo 
of Arabic and of tho ])e()plo and tho (‘ountry reinh'red him an invaluahle 
ineiubor of the party, till suddenly recalled homo ])} a melancholy domestic 
aftiiction. 

We determined to enter tlie eonntrv from the soutli, ns being tlie most 
dilHenlt and least knowni ront(‘, our course being hy llehron, Kngiali, ^Masada, 
or Sehbeli, Jehel Usduin, and thenee aeross lheS« hklia, or hariLii saiid-Hat, 
which extends for several mile^ to tlie south of the Dead Sen. This we ac- 
complisbod with a guard of the Jehaliii liihe of Arabs. At tlie edge of the 
Febkha W'O were on tlie frontier-line of anciimt Moah and Kdoin ; and here 
W'O met wdth soiiii’. little ditlicnlty from a robber tribe, the Ileni Atiyeh. w’itli 
whom, how'ever, after a faint show' of lu)^tllities and a few random shots, w e 
were able to make terms. We found the (Ihor es Satiidi, wliich w e were able 
to examine at leisure, very much more extensive soutliward and eastward 
than it is marked in the \\\n\)s. It is, in fact, a fertile belt scarcely raised 
above the level of the Dead Sea, 1<» miles from noith to south, and fed by 
the numerous pi'rennial streams and springs wbieh gush from the lofty sand- 
stone range tluit forms tin' buttress of the Hants Ilateau of ^loab. On tho 
heights above the southern extremity are tlu‘ ^illages of Tulileli and Feifeh, 
on the hanks of streams, which we were not abb* to visit. Our exjdoratioii 
of the SatuJi W'as carried out under considerable diflieiihy.as the natives were 
lawdess, and W'e could only move w ith an escort of hoi>enu‘n. How’ever, W'O 
were able to ascertain, in our rides w'ith our guards and in si veral rambles 
on foot, that there an^ no remains of importaiiee in the oasis itself. The 
principal ruins are of some extent, indicating a well-built tillage, with 
Bcveral fragments of columns and Homan work, called Kasr el Bushireli ; and 
u little higher up is a tolerably perfect w’atcr-mill, and a Saracenic gatew’ay 
of rather rude construction, belonging apparently to a ruined Khan j it k 
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now called Mushnekkr,” or the gallows.” 'No other ruins could we find. 
We explored on foot the widest part of the Safieh towards the Dead Sea, on 
the edge of which a rank vegetation of sedge and reed takes the place of the 
dense thickets of nubk and dom tree which stud the cultivated plain, here 
about four miles wide. 

Leaving the Safieh we proceeded by the route of Irby and Jifanglcs to Draa. 
The day’s journey led us through every conceivable variety of vegetation and 
non-vegetation. Leaving the I^ahr el ITassan, the great source of fertility to 
the Safieh, wo passed through a scrubby plain, rushes, canebrakes, and finally 
a bare salt marsh, without a scrap of vegetation to the sea, and a gravelly 
shelving slope, with scattorcnl gnarled acacias above it ; near its conimcnco- 
ment is a ruined village, Uin el Hasliib, not far from <hc Wady Grahhili. 
The barren plain is fringed by a fetid ditch, well named Mir whar, or “ stink- 
ing river,” with salt and offensively smelling luiiiid. TTaving crossed the salt 
plain, we came to the Xahr Hanyir and Nabr Niiiieirah, salt streams. At 
this latter are the mean and almost obliterated ruins of a large place, a]>pa- 
rently unfortified, and usually marked in the mjips as the ancient Nimrini of 
Scripture. This, however, wc have reason to believe is incorrect, as the 
position is defenceless ; and we were told of ruins higher up near the sources 
of the stream in the mountains, wliieh still bear the name of “ the watm’s of 
Nimeirah,” Near them is another Scripture locality, “ the brook of the 
willows,” which is given to the head of the next stream before it leaves the 
mountains. 

A little above this lower i^imrini we visited the ruins of a fort, Khirbtl es 
Sheikh, which appears to have bccu nothing more than a watch-tower to 
guard the road. 

After crossing the IN’ahr es Asal, or Honey lUver, wo began to ascend the 
shoulder of the Lisaii, a mass of barren salt marl, without a trace of life, jjast 
or present, and in a few hours i cached Draa, generally said to bo the an- 
cient Zoar, after crossing the Wady Weyclah, in which tho palm-tree is 
abundant. 

Draa, though the scat of a bishopric in the time of Eusebius, has left no 
traces beyond lines of foundations and heaps of sandstone, some of thorn 
squared and dressed. But the deep glen on the crest of which the city stood 
is richly wooded with palm, oleander, and other trees ; and its fertile belt can 
be traced by the eye as far as the Mezraah, a wide, scrubby, tree-dotted plain, 
opening on tho bay to the north of tho Lisan, .and now covered with the 
tents of the Beni Atiyeh. This lias been traversed liy Messrs. Palmer and 
Drake. 

From Draa we ascended to Kerak by tho route so well described by Tihy 
and ]Mangles. A fort, hitherto unnoticed, guards the pass about halfv .ay 
up, called El Eiibboh. The character of tlie architecture is crusading, and 
the local tradition makes it the stronghold of a Christian Sheikh. Just to 
the south of this, the “Wady of the Willows ” was pointed out to us. We 
calculated the ascent from Draa to Kerak to lie .‘1720 feet, — Draa, though 
on the brow of a bold shoulder, being 570 feet below tlic sea-lcvcd, and 
Kerak 3180 feet above it (liarometiic). I 

Without pretending to compare the coimiry with Switzerl.aiid, .and at the 
risk of incurring tho sneers of those who, judging only by bigness, .aecnse 
any one who is enthusiastic on Palestine of “Holy Land on the brain," any 
one less prejudiced than these critics wall admit tho pass to be a magnifi- 
cent one, and the situation of Kerak to be majestic. 

It has already been described by Irby and M.angles, and is sufficiently 
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known to students. The cut ranee to Kerak is certainly iiniciue, by an arched 
natural tuniiel in the side of a precipitous cliff, out of which the traveller 
emerges in the midst of the city. The photograph shows this gateway into 
Kerak. It is needless to describe the extraordinary position of the city and 
its natural and artificial strength against the resources of mediueval or modern 
Oriental assault. Tt was imdouhtedly the strongest natural fortress in tiyria 
before the introduction of modern artillery — a platform of a triangular shape, 
each side from h to J mile in extent, inacossible except b}’ exposed mountain- 
paths on all sides, save where a neck of land connects it witli tlie adjoining 
mountains, and tliis out through by a wide fosse of 3lj feet deep and touch- 
ing massive walls 18 feet thick above it. 

The fortifications, riuenician or Jewish in their lower parts, then Homan, 
surmounted by the work of Crusaders, arc of vast extent and enormous 
height. The photographs give some idea of the vast labour expended on 
these works. 

Wo found Kerak as little hospitable as have our predecessors in this land. 
The Mudjilli, though holding a Turkish commission, is practically indepen- 
dent, and is tu unscrupulous, avaricious, and cunning cliieftain. We were 
held as prisoners for some daj’s to ransom, after entering under his son's 
safe conduct ; but our imprisonment was not severe, Ihougli rather costly. 

On one doy, when our k(M‘per ixlcnted, wo were able to go out with a 
guard, and ride many miles to survey, while the rest of the party photo- 
graphed nearer home. 

(3ur survey proved very successful in fixing the sites of many mined places, 
some of them hitherto unknown by name, and the otliers erroneously placed 
in all the existing maps. Our course lay chiefiy south for twelve miles, and 
thence hack by a detour to the eiistward. (Vossing the deep valley of Tziatin, 
where the soldiers of Ibrahim Pasha were slanghtmvd in l s44 in attempting 
to cut their way from the north, we marked the position of Jelam os Sebbhu, 
where Ibrahim Pasha had his camp ; and then of Kureitin (evidently an 
ancient. Kiriathain), the remains of twin ancitait towns close together, each 
on a low knoll. This fashion of two adjacent towns with the same name 
seems to have been very i)i’evalent throughout the whole of ^foab. 

Here W(* found our'^elves on the high lahleland ^^hieh forms the country of 
!Moah, studded thickly in every diroetiou with ruined villages and towns, 
always situated on gentle swellings — Kirbet A/izeh, Kirhet Xekad, M'hhcileh, 
Howeiyeh, Juhah (on the old JUmiau road), ^lahkhcnnah (mentioned ]\v 
Irhy), Modeh, Aboii Taleb, Mesh'had, and several others. .Ntodeh, like 
Kuri'itin, has been a t^^in t‘ity, and there is a Roman mile^ttme, unmutilated, 
close to it, of the dati* of Antonine. At none of thrse iiiin> did wo find any 
water, but wells and cisterns innumerable, from til'iy to one hundred in each 
place, geiKTally one for oaeh house, and oil-pres.sc‘s Jind inc-])ress(‘s cut in 
the rocky slopes. Wo returned by Madin, more extensiv<' ruins than the 
others. Here were sarcophagi and sculjitnrod fiagnient^, and house-walls 
quite perfect, but without a trace of mortar between the dressed stones. We 
saw, hut did not visit, the ruins of ^roureyah, Hamad, Suhl, and Xaehal, 
iiK'nlioned by Irby. 

Prom the Kerak people we obtained a long list of names of ruined sites 
known to them, upwards of sixty in number, some of wliich seem the Arabic 
reproseniatives of Hebrew names. Diinnah (perhaps Hie Diinmi of Isaiah, 
commonly held to be identical ’with Dibon), Lnbeirali, Snmrah, Yaroud, 
]lctir, Hadadah, Rabun, Zi*rar, Hhnmoud, Azour, and others. 

In a few days, by the aid of 8heikh Zadam of the Peni Sakkr, we were 
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able to leave Kerak*' without the payment of a very heavy ransom (<£70 in 
all), and started for the north. 

It must bo remembered that TCerak is the one inhabited place in the whole 
country, the only town or village in the vast and once densely peopled 
region between I.s 8alt iji Gilead and Hhobek, a little village in the ancient 
Edom. 

Passing the ruins of Siiweini 3 'eh and Duweineli, after descending from 
Kerak, and ascending again more than 1000 feet, we rode through the ruins 
of llakini and ^Mikliersit, from which place wo followed the Homan road 
to the ancient llabbath Moal), now 11 abba. Those are some of the most 
extensive and finest ruins in Moab ; but the incessant rain prevented our 
taking anj' successful pliotographs. AVe camped inside an immense Roman 
tank, ()0 yards by 50, and, lliongh hllod to a considerable oxt('ut Avith the 
refuse of the goats AAdiieh arelierded there, still nearly 150 feet deep. 

The city seems to have been a S(tuare, more than a mile each way. One 
fhie temple has some eoliiiniis and two .arches left ; but all else arc onlj" broken 
walls, with long lines of straight narrow streets and countless vaults arched 
over. The ruins arc Roman, but Avith many carved stones from earlier edifices 
built in, and many dressed blocks of basalt, telling of a still more ancient city. 
There arc several green mounds coAxring extensiAT masses of masonry, Avhich 
might probably repay excav.ation. 

Eroni Rabba avo followed the Roman road nortliAvard, passing a very perfect 
little Roman temple, one and a half mile from the city, and soon afterwards 
a ruined town (the remains of Avlnch seem anterior to the Roman occupation), 
Missdehh, and immediately afterwards Plumcitah, the Ilammat or ‘^Animah’’ 
of Palmer, i)robably an ancient Ham. 

Kasr Rabbah, or Beit el Xurm (the house of the vineym'ds), four miles 
north of Rahbnh, has possessed a magnificent Corintlii.'in temple ; the diameter 
of the columns, many of which Avith the frieze arc standing, is 4 feet 8 inches. 
Hence the Roman road divido.s, one lino going toAvnrds Shilian, the other, 
more easterly, to the passage of the Arnon. The former crosses the gentle 
depression Avhich marks the commencement of the AVady Ghnrweh. An 
easy slope reaches to the top of Jebel Shihan, on the southern side of AA^hich, 
lining the Roman road, arc very singular remains, countless small enclosures, 
fields or gardens, all formed of blocks of basalt, undressed, and no limcsloiio 
employed; they cover many acres. The road here has been only 15 feet 
wide. The cit}' itself, on the top of the hill, has been built chiefiy of limestone, 
wdth very little basalt. The cisterns arc numerous and of considerable depth ; 
but they, as Avoll as the wells, arc now all dry. 

Descending hy N.E. wc passed through the ruins of BulhTia, and overtook 
the rest of onr party, Avho had folloAvcd the other route. Near the edge of 
the ravine of the Arnon arc the remains of an old fortress, Kirbet Sum’hra, 
and then Muhatet el Haj, conjectured to be the Jahaz of Scripture, shape- 
less ruins, 

The passage of the Arnon has been described by several of our predecessors, 
who have certainly not exaggerated its magnificence or their fatigues. By 
our barometers the depth is 21 50 feet, and the southern plateau is 200 feet 
higher than that to the north. The Roman paA-cd way may be freqiientl}" 
traced, as aaxU as the remains of the bridge below. From crest to crest, 
Ave computed by triangulation to bo about three miles. The xipper part of 
tLie southern side reveals a superficial basaltic stream, which is absent on the 
north. There arc numerous ruined forts all along the Roman causeway. On 
the northern brow, a mile east of the road, arc the ruins of Arar, the ancient 



GEOGRAPHICAL EXPLORATION OP MO^. 227 

Aroer ; and tlie city that is in the midst of the river (Josh. xiii. 16) is no 
doubt indicated by the remains in the luxuriant strip of semitropical verdure 
that fringes the Arnon far below it. 

Here, from the news of a sad domestic affliction, brought to us at Babbah 
by a messenger who had been beaten and robbed of the letters by the scouts of 
the Kerak ruffians, Mr. Klein, to whose aid we are really indebted for the 
success of our expedition, through his masterly knowledge of the language 
and his friendship with the Beni Sakkr, was compelled to leave us and return 
hastily to Jerusalem. Ho was accompanied by Dr. Ginsburg. 

From the northern crest of the Arnon bank a good view could be obtained 
of the general lie of the Wadys which here furrow the high land. 

The Arnon, or Wady Mojib, is formed a little above where wo crossed it 
by tho junction of three ravines of nearly equal height, tlio northern one 
named by Zadam Wady Seidell, tho name given in all the maps to the central 
one, and the others Makhanas and Balhua. 

A ride of three miles across a dreary highland plain brought us to Dhiban, 
another double city on two knolls, whose caverns, cisterns, underground store- 
houses, and semicircular arches present no peculiar features. To tho west of 
both knolls is a little stream, near which the famed monolith was found, and 
in which water was running. All the surrounding hills arc limestone, and 
there is no basalt except what has been brought here by man. It is need- 
less to say that no inscribed remains now exist above ground ; but wo found 
a very finely dressed basaltic oil-press, with the upper stone lying close to 
tho outer cylinder, by the bank of the stream. 

From Dibon we struck eastward, by the route taken by Messrs. Palmer 
and Drake, towards Um Basas. Tho road lay up a wide depression, which 
could scarcely bo called a valley, known as Kurm Dhiban (the vineyards of 
Dibon), and continuously for three miles wore the traces of the vineyard- 
ridges across the slopes. These are tho plains of the vineyards ’’ of Judges 
xi. 33, the route taken by tho Amorites after their discomfiture by Jephthah, 
Bujum Selim, a shapeless inconspicuous heap, is the only ruin on the way 
from Dibon to Um Basas. This latter seems placed too far east by Palmer, 
who has also erroneously marked the Hadj road as touching it, and placed 
it ten miles too far west — a mistake not to be wondered at when we con- 
sider tho very great difficulties under which Mr. Palmer and Mr. Drake 
accomplished their visit, 

A Boman road does, however, touch Tim Basas from Heshbon to tho south. 
Um Basas was of necessity very hastily examined by our only predecessors, 
and is of much greater extent than had been imagined. The outline of 
the city and its walls, apparently repaired at a later period, is perfect, — no 
grass-grown mounds, but simply fallen or falling buildings, with streets 
encumbered by the masonry and countless arches; no heathen temples 
within the city, but five Christian churches, one of them probably a cathedral, 
and all of the Basilica type. The apso was generally perfect, with the 
plinth and beading decorated by bosses carved with alternate heads and crosses. 
Some of them we photographed. Outside where wo were camped was the 
amphitheatre, now grass-grown, and several very deep cisterns, not very 
large superficially. 

Tho most interesting ruin here is a Christian mortuary tower, which Mr, 
Palmer has sketched, close to the ruins of a Byzantine church, of which we 
took photographs. This tower is a landmark for miles round, and ludicrous 
traditions are locally attached to it. 

Um Basas appears to me to be probably the Thamatha” of the ^ Notitia/ 
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the station of the first Yalontian Ala and the name is preserved in the Wady 
Thamed close by. It certainly must have been one of the most important 
cities in these highlands in the llonian times, and is on the Homan military 
road» 

We made expeditions eastwards to the mined fort M'seitbeli, where there 
was abundant water in a largo cistern, and the Kadj road eleven miles east 
of it, east of which is the ruined Khan Zebib, whicli places have never beforo 
been visited. Khan Zebib is evidently built on the ruins and with the 
debris of a former great city; and to the cast of it arc the remaitis of an 
interesting Doric temple. Jemail(two and a half miles soutli of Uin Hasas) 
and Ghazal (Khazaleh of Palmer’s map) were also visited. At both of them 
there was water, and traces of vineyards in the neighbourhood. Khan 
Zebib is above the rise of the Wady Hhabek, tlie head feeder of the Zerka 
Main or Callirrhoe, a wide shallow basin fed by the drainage from a lime- 
stone range to the east of it. 

The Iladj road is here closely marked by about fifty parallel fiiiTOWs, 
formed by the tread of long lines of camels pursuing the same tract for 
ages in succession. 

Hear the great temple cast of Khan Zebib arc numerous natural caverns, 
which forjn subterranean labyrinths, and have been cemented and used as 
reservoirs in past ages; now they seem occasionally employed as hiding- 
places and folds by the Bedouins. Beyond these are a number of artificial 
mounds and circles of stones, aifording uiKiuestionablo evidence of the cairns 
of the primeeval inhabitants. 

We spent several days at Um Easas, in the hope of securing a stone which 
is buried there, but which the Bedouins would not reveal to ns. I have 
seen a squeeze of this stone, which is now in tlic possession of Dr. Dodge, 
of Beirut, having been taken by a Bedouin before tlie stone was buried ; 
it is of basalt, and bilingual. The centre is occupied by a serpent biting 
a scorpion. On the serpent arc inscribed numerous Phamician characters, 
and on one side is a long inscription of many lines in the PlKcnician cha- 
racter ; on the other, arranged in a similar semicircular fashion, one in 
apparently Kabathean letters. I hope ere long to obtain a copy of this 
important inscription. 

Prom Um Easas wo travelled K.W., ])assing Boihar and the rnins called 
Dnia, a Moabite eitj" of the very oldest typ(g probably the Zoas of Eusebius, 
and the seat of a bishopric. This place has not been previously noticed, and 
solves some of the difficulties which liavc encumbered the topography of the 
Zoas of the Pentatciieli. 

In two hours we crossed the Wady Thamed, overhanging which, on a 
peninsula formed by the river, is an immense heap of stones, a])parently an 
old keep and enclosure. It is BOO feet above the Wady, and is known as 
Urn E’mail. We made this our station for a few days. Tlirce miles north 
of it is Zafaran, with a fort of large squared stones on the top of a till, and 
the remains of the town below it. Iliere arc no traces of arches here, and 
the place seems pre-Eoman. It may perhaps be tlie Kaar Safari of tbo 
‘ Notitia,’ the station of the second Ala miliarensis. Kear it are the similar 
ruins of El Alaki, and two miles further llerri, a fortress on a knoll and 
a town below it, with tlie old Eoman road passing close by. 

The next ruin, N.E. from hence, is Um Wcleod, one of the most important 
and extensive in the whole country. The ruins are of three distinct tyjies, 
pre-Eoman, Eoman, and a Saracenic Khan. Ko previous traveller has visited it, 
and its local name gives no clue to its ancient name. The Eoman road passed 
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through it. Tliere is an a mphi theatre ; the pavement of a forum, surroiiiided 
by the bases of columns, is entire, 41 paces by ^^8, and just h(‘yond it the 
eastern gato of the city, outside 'Nvhieh is an interesting little Doric temple, 
12 juirds by 10, facing east, the niches being still in situ. 

The streets hero have been arcaded; and wo found in some places the flat 
slabs of stone v'hich formed the flooring of the dwellings above the streets 
still entire. Dy the side of theso old streets the ancient Khan looked but a 
work of yesterday. 

Wo followed the lioman road from Urn Welccd to Um el Kuscir. There 
is no ruined bridge as marked in the maps ; but there is a long massive wall 
across part of the plain, built for tlie purpose of guiding the floods into tho 
ciaterns. Um cl Kuseir is of tho same type as th(5 last named city, but not 
so extensive. 

lleiicc we struck eastward to Ziza, where we spemt a week. It is men- 
tioned in tho ‘ Xotilia’ as the lieadcpiartei s of tho Dalmatian llljnacan cavalry. 
The remains of Ziza are very perfect. The tank is simply luagniflceut, 140 
yards by 110 (sec riiotograph) ; many of the stones are G feet in length. 
Alueh ci^ginoering ingenuity is shown in the mode by wliieli the uj)per valley 
has been banked, and a system of sliiice-gaios arranged for lilling the pool 
and letting ofl' tlic su]>oHluous rainfall. 

Above it is a strong Saracenic fort, still entire, and wliicli was occupied by 
Ibruliim Pasha. 4'lio nppcT story lias been lltted for engines of war, and 
many stones taken from Christian cliamber.s markcal with plain sj mbols appear 
in the walls. The ancient city is on a long ridge further up, oceujjying 
several acres, and full of sculptured ruins. Tho whole hill is honeycomhe<l 
with cisterns. Tho principal remains seem not earlier than the Christian 
period, comprising several churches. 

Six miles cast of Ziza wc (‘rossed the IFadj road, not far from the base of 
the limestone range which forms the eastern limit of the highlands of ^foah. 

A little beyond this, at the very base of the Iiills, hut without any trace 
•of water, wo discovered a palace which surjinsses in interest any other of tlio 
ruins which this expedition has brouglit to light. Prom tlie eminences near 
Ziza we had detected a pile of masonry in this direction ; the lleni Sakkr gave 
it the name of Mashila, and spoke of it as being like the other ruinous 
lieaps which wo were continually examining. 

A gazelle had licguilcd our ride, and not a little were we startled wlieii 
wc reined in our horses in front of a facade of which only the ])hotogrnplis 
can give tho slightest idea. Two days were well s])ent in ])hotogra]diing a?ul 
measuring (see Plan and Pilot ograpbs). We were in utter perplexity as to 
tlie origin of these magniflceiit buildings ; nor was our diftieulty lesseiu'd by 
the long lines of inscriptions in an unrecognized eliaractcr on the lower corners 
outside tho inner palace, (hic thing was plain, tho palace had never been 
liiiislied, at least in its decorations; and we have to thank Mr. Fergusson for 
having given us the clue to the solution of the problem. Air. Pergnssoii is 
decidedly of opinion that it is the work of Chosroes Tl,, the Sassanian king 
of Persia, after his conquest of Syria, Xorth Arabia, and Kgyjit in a.d. (ill- 
G22. The builders seem to have ])eeu inhuTUtded, for it is evident that Iho 
decorations were never lliiished. This is explained by the advance of the 
Emperor lleraclius, who so brilliantly swc])t the Persian out of the whole of 
his conquests, and recalled for a moment the glories of old Rome. 

There are no more ancient remains of any kind in tlio neiglihourhood, 
and no Saracenic additions whatever. Alashita stands forth in absolute 
solitude and isolation, unlike the cities of Aloab, with their traces of many 
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epochs. It probabl}’’ was erected as a liuntiug-palaco, to gratify the luxurious 
taste of Chosroes. Mr. Fergusson has pointed out the indications in this 
wonderful sculptured facjade of Byzantine art, guided by Persian design 
(see Plan and Photograph). 

It is not a little strange that so perfect and unique a building has remained 
unnoticed and undiscovered by any European beforo us, and without any 
tradition attaching to it by the Bedouin. There is no trace here of any de- 
struction by the liand of man. The sculpture is of extraordinary depth and 
scarcely weathered, as may be seen by the photographs. 

Travelling north from Ziza, the ruins of Kustul, evidently some Roman 
castcllum/’ possess, as may be seen from the photographs, a character distinct 
from any other Moabite cities. There are the several walls, cisterns, and 
arches, these latter unusually massive and well finished ; but besides them 
two castles, with many semicircular bastions, surmounted by a sculptured 
balustrade of the Corinthian order. The principal castle is 84 yards square. 

The smaller castle, isolated from the city, would seem to have boon a temple 
fortified. AVe found a Greek altar of white marble, and several marble capi- 
tals, which must have been imported from the Greek islands or Asia Minor. 
Below the city is a tank like tliat of Ziza. 

Six miles north of Jvustiil 1 visiled Thcnib, a heap of cisterns, walls, and 
arches, and two miles furtlier nortli Rujmii Hamam, a ruined heap of shape- 
less stones. This was our extreme north-eastern jioint. 

Travelling west from Kustul, Vm Zibarah presents only a large assembly 
of hummocks and hollowed cisterns. Crossing the commencement of Wady 
Jifar wo reached the top of Jcbcl Jclul, a most remarkable hill, hitherto 
unnoticed, or placed close to Heshbon, rising 300 feet above the plain and 
covered with ruins. Pieces of Doric entablature were strewn about. The 
panorama from Jedul was uninterrupted for several mil(‘S in all directions. 

P’rom Jelul, turning south, we passed 8ufa, crossed Wady JIabis, the ruins 
of Betan ol Baroi], JIabis city, and tlien leaving the highlands followed down 
the gorge of tlie llabis, the main feeder of the Zerka Main. Owing to the 
riiggedness of the road it was a two days’ journey to the hot springs of Cal- 
lirrhoe. AVe had now left the country of the Beni 8akkr, and wito in that 
of the Hamaydeh. These latter have been spoken of as an independent tribe, 
and the remains of the ancient Moabites. AVe never found lliein inhahiting 
huts, but only tents like other Bedouins; phyrically they seemed decidedly 
inferior to the Jieni Sakkr, who treat them as mere vassals, pasturing their 
cattle and camels where they please in ]lamayd(‘h tciritory, and summoning 
them to their service. Tiny olnyed tlie onhu’s of Zadam implicitly, wlnni 
he desired 11m Tarif or any other of their Sheikhs to act us onr guides in any 
part of their country. jX^cr wore wo once asked for backshish from the time 
AYC left the Korak men till wo reached Jericho. Their chief men never ])rc- 
snincd to enter the tent with Zadam, but consorted Avith the sinwants. The 
gorge of the C-alliriiioe is one of the grandest I have seen. AVo had to ascend 
to a narroAv secondary jilatcau and then descend 1300 feet to the hot baths. 
The north face of the ravinci is red sandstone below and Avhite liinestono 
uboA^e; the south face is formed by a stream of basalt, in many places co- 
lumnar. 

Our camping-ground Avas delicious, by the side of a Avarm sulphur torrent, 
Falir. just AAdiere it daslies into the cooler stream of sAVO(d Avater in front 
of us. Tlie liot sulphurous springs all issue from the north face of the gorge, 
at the junction of the red sandstone wdth the limestone. In a reach of three 
miles there arc ten principal sj)rings and many minor oncS; dashing down 
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little nullahs or canons, all shaded with date-palms and canchrako. The 
temperature of the ui)per spring was only 85^^, that of the fifth and tenth, 
which arc the largest, was 185° and 140° at their exit from the rock. The 
heated stream of the Cullirrhoe retains a temperature of 70° at its mouth. 

There is not a trace of lloraaii baths or of building of any kind ; this is 
not to be wondered at when we observe the rapid deposit of sulphur now 
forming about all the lower springs. These sulphurous deposits form crum- 
bling cliffs, under which the hot stream has in many places made itself a 
tunnel, to which the Arabs have i)i(^rced holes througli tlie overlying crust, 
over which they sit and <‘njoy a natural vapour-bath. 

Wo made this lovely glen our hoadcpiarters for eight days, and thoroughly 
examined the neighbourhood. The castle of Machuerus (M‘Kaur), the place of 
the martyrdom of St. John Baptist, does not seem to liave been noted by any 
predecessor, and is wrongly i)laced in the maps. It stands to the 8.E. of 
the head of the Wady Sgara, the next glen to the south of CaUirrhoe. Its 
natural position is accurately described by Josephus ; but there is nothing left 
to give any idea of the great strength of its fortiliealiojis. The citadel, isolated, 
as riiny observes, from the city below, lias only foundations of the keep just 
level with the soil, circular, exactly 100 yards in diameter; within it is a w’ell 
of great deiith, a large and deep oblong cemented cistern, and tw^o dinujeons, 
one of them very perfect. The towm occupied the ridge of a long crest running 
cast and WTst to the west of the fortress, and is marked by a stupendous heap of 
stones, beyond wdiich are the foundations of s(*v('ral forts and of a small temple. 
Tlio stono heap is 250 yaids long and of great height, and the crest is 8800 
feet above the Dead 8ea. The finest vitnv on the east side is, 1 think, from 
the top of the ridge betw’cen !M‘Kaur and Callirrhoo, 

Attarus, the ancient Ataroth, and Kiireiyat (Kiriathaim) were also visited. 
Attarus is certainly in extent among tlie most considerable of the Moabito 
ruins, but featureless ; Jebol Attarus is three miles distant from the site Avhieh 
boars tho name of ancient Ataroth. It has been crow iicd by a massive square 
fortress. Tlie fealure most remarkable* in this trei'less country is a tine tere- 
binth, W'bich attracts the eye from far and is noticed by Burkhaidt. Hound 
this hill and in the undulating plain hetwe(*n it and the city the ground is 
sparsely covered with trees, the only w’ooded spot in the highlands. Tere- 
binths, oaks, and especially tlie almond-lree in abundance, present an aspect 
most refreshing in this hare and monotonous land. 

Jvureiyat has nothing >vorthy of note, and from lienee to the Arnon there 
is Bcaicely a ruin on tlie eastern edge of tlie jdateau. 

In the neighbourhood of the (’allirrhoo we observed several prehistoric 
stono eircli*s, like those found at Beitiii and olsow’hore, and many cairns, which 
seem far anterior to tlic mounds of the cities. 

An expedition to Zara (the Zareth Shaphaii of the Bible) w’as full of interest. 
The naiTOAv ravine of the Callirrlioo it Avas impossible to folloAV ; and wx* w^ero 
compelled to mount the heights, cross two more gorges, and IblloAV the crests 
till w^e dc'sceiided 2()0(J feet from a lowxr plateau upon the oasis of Zara. 
This is not, as mark(‘d on the iinqis, at the mouth of tlie Cullirrhoe, but consi- 
derably to the south. It Avas a city of Heiiben, its frontier town on the 
shore, and shows foAV traces of later occupation. We may trace the features 
of the JoAvish town, a central fort on a knoll and tho houses elustoriiig round 
it, as may bo seen to-day at (Jibeon and elsewhere. We Avoro surprised to 
find‘a Avide extent of rich laud fringing the Dead Sea, abimdantly Avatered 
by hot springs, some sulphurous and others SAveet. Tliis belt roaches to 
within a short distance of the mouth of tho Arnon, NorthAVurds some bold 
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headlands intervene between it and the Callirrhoe, and a scramble wc had to 
get round to the fissure tlirongh which the river emerges, forming a spit 
rovored with tamarisk at its entrance. It is needless to say that wc found 
the shore-line laid down by T.ynch most accurate, but tlie sketching-in of the 
country, even close to the water's edge, most inaccurate, as bis party in this 
district seem rarely to have left their boats. There is a striking contrast 
between the castcim and western shores ; on the latter there are only a few 
patches of verdure, scarcely breaking tlu* desolate barrenness of tlie coast-line ; 
on the east all is exuberant verdure and continually running streamlets to 
the water's edge. The palm-tree is abundant, and clings to the sides of tlio 
little ravine from a. height of over 1000 feet to the very edge of tlie sea (sec 
Photograph), while the varying shrubs and flowers overpower the botanist. 
This must be attrihutc'd to the sandstone formation, which, underlying the 
eocene deposits, nowhere appears on the west, while it is greatly elevated on 
the eastern side. 

Arrived at the mouth of the Cidlirrhoe, we ascended the gorge on foot with 
an ibex-hunter for our guide, and though the scrambling was severe, Avcrc 
richly rewarded. At the shore the cliffs arc (*00 feet high, and the opening 
only 100 yards across, sometimes, as we ascend, only JfO yards. It winds and 
turns suddenly, and the glow of the red sandstone w’alls is gorgeous. Paths 
or tracts of course there are none ; and we were compelled to climb as best wo 
could up the side, wlien a waterfall, Johcl !Moia, ?. e, waterhill,'^ barred all 
progress. 

After having thoroughly investigated this district wo turned northwards, 
visiting at leisure the sites on the western edge of the highlands where the 
cities of Moab were most crowded. 

Ill this region, as far as Hcshhoii, I must notice the great number of dol- 
mens which eveiy^whorc occur in these parts, which arc too rocky to have 
been ever subjected to the plough ; 1 have counted more than twenty in one 
morning’s ride. They arc all of one pattern, three stones placed endwise 
forming three sides of a square, and a largo stone forming the cover, gciieraliy 
about six feet in diameter. 1 never found four supporting stones. 

We followed a road, Jewish or Itonian. to Maon and then to jMcdcba. On 
every side are the foundations that mark the boundary-walls of holds or vine- 
yards, while the Belka Arabs here, for the first time, exemplify the natural 
fertility of the country by their cultivation of large tracts in Avheat and 
barley. 

For the tuins of Wain (Boal Meon), which occupy four adjacent hills, and 
of Medeba, which retains its Bible name unchanged, I can but refer to our 
photographs. 

At the latter we camped for some days and visited the ruins to the east 
and north. Wedeha contains more perfect Konian remains than any of the 
other western cities of the highlands. It is not in a hollow, but, like all 
other towns of !^^oab, on the top of a knoll. The forum, or whatever else it 
ma}^ have been, is the largest we have sc'cn, 2(S0 by 2 10 yards, with a colon- 
nade, and the bases of the columns still in situ, many temples and later 
Christian churches. The most remarkable remaining work is the reservoir, 
built on the same principles as Solomon^s pools, and 120 yards square, with 
its walls 30 feet thick at the base, ta])ering to 18 feet. It would be tedious to 
describe the temples and churches of Medcha, which at least prove the dense 
population of this part. The other northern cities of Moab call for no special 
mention ; they occur every half mile, and are alike in their main features. Man 
has had little or nothing to do with their decay. We examined carefully the 
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heights overhanging the Dead Sea with a view to Nebo. The modern Nebbeh 
affords exactly the view described in Deuteronomy, and I can find no other to 
rival it. The city of Kebbeh is lower down on a spur of the range, and with 
remains more perfect than ordinary. The whole country is hero densely 
crowded with ruins ; but the names do not indicate their ancient equivalents 
— Maslubiyeh, Kuseir, Et Tein, &c. 

Eroni Nebbcli we worked to Ayun, Mossa, Ilcshban, &c., which have been 
visited by many others. We made some sojourn in the Seisaban, and iden- 
tified Hamah, Beth ./(‘simoth, and other sciiptural sites, and thence worked 
down the shore of the Dead Sea towards Callirrlioe. We ascertained that 
the Seisaban, the ancient plains of Shittini, is of very much greater extent 
than the maps represent. The fertile Ghor extends from llio Beit Xemcirah, 
or upper fords, to within 3 miles of the mouth of the Callirrhoe, and is well 
watered throughout ; but in ancient warfare this region could never bo 
defended, and the ruins arc unimportant, though there is not a single mound 
without the stones which tell of some fort of the olden time. 

We trust we have by our expedition carried C)ut the intentions of the 
British Association. Wo have carefully mapped the whole country north of 
the Arnon, every previous map of which we found to be a mere work of the 
imagination. We have left no ruin in that tract unexplored ; and though wo 
have brought homo no Woabito stones, wo never dreamt we should be able 
to do 80 . The grant was ior f/eoffriqJiiad (oration, and that we have endea- 
voured conscientiously to carry out, and have brought to lights some twenty 
ancient cities hitherto uii visited and unknown, and others known only by name. 
The zeal of my companions enabled me to exhibit about lUO photographs. 


Sur l^r/ii)fi))ation des Fonctions Arhitraires. 

By Ch. IIermite, Corr, Member of the Mathematical Society y London. 

[A coinimiuication ortlorod by the General GoinmiUce to be printed in r.vi'rwsc.] 

C'kst la definition geometri(iue dhme famille dc surfaces par un certain mode 
de generation qui a conduit h definir analytiquement line function dc x ot 
y par lo systeme do deux equations 

V>(.r, ?/, r. a. A, B, . . . L)=:0, 1 

y, a, A, B, . . . L)=:0, J ^ ^ 


oil entrent un parametro variable a et un nombre quelconque n dc fonctions 
arhitraires de «, representeVs par A, B, . . . L. Obtenir uno eipiatioii aux 
difiVh-encos partielles, ii la(|Ucllo satisfait la fonction r quels que soient a et 
CCS n fonctions, sera la (question traitec dans cette note par nne methodo 
nouvcllo. 

J ’observe eii premier lieu que Ics relations donm'cs permettent do considerer 
.r it ^ commo dcs fonctions de r, dont Ics derivees successivos, 


X = 


(Jr 

ilz^ 


,, ePr 

c(z“ 




!f = 


(I\v 

(7?’ 
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s^obtiendront;, soit dirootomcnt si Ton pout avoir a? et y cxpliciteinent exprinies 
on soifc par los roglos relatives aux fonctions imxdicitos. Dans ce dernier 
oas nous aurons d’abord, 


tLv 


... ( 2 ) 

ay iiz djc d)f dz 


dy^ 


puis: 


TLy"" ^di,^ ^KjU^^dy^dy^^" 

df + Ty^ ^ d^dy^ df^^" ^ ^ );^Zalz ^dJfdz ^ ^ J 




et ainsi do suite. 

En second lieu jo remarque quo ;:=/(.r, jf) otant la fo notion qui resiilte do 
rolimination du parametre a, on reproduira i(loiiti(]uement la quantite z si 
Ton y remplace .ret?/ par Ics valours qii’oii lire do la resolution de.s equations 
(1), car autrement ce serait do donx rolutions conclure niie troisieino qui cn 
sorait distincte. D’apres cc*la ot on regardant a* et y comme fonctions do 2, 
la premiere derivdc do ridentitd obtonue douncra Tegalito suivanto : 


dz_ 

dx 



y 


la sccondo et la troisiomo ccUos-ci ; 


1=0 


(4) 


dz 1 / . dz If . /d z d z d z-^ > f\ 

7(t' ’ '' )r 


0 , . 


dz Iff , dz Iff , tj r * d z I ft , d‘‘Z / » // . v /» . ** •» * ^ 

;o* +3ji' 

(d'^z d^z d'z d^z^ . \ _ 
dx\ly*^ dxdy^^ dy^^ ’ 



('>) 




los quantiles x\ x\ y\ y', y” dovant etro remplaeecs par lours valours 
en fonctioii do z, on elimiuees au moyeii dcs relations (2), (;i), &:o. En con- 
tinuant los memos calcnls jusquVi la deriveo d’ordre on parviondra a un 
systeino do n equations, oii los derivees jjartiolb's do Tordro le plus elcvd 
seront dvidommont : 

€l'^z d'*z d'^z 

d.d^’ dx^"~\hj * * * dy'"^ 


et, en y joignant los deux relations pro]>oseos, il sera j)ossiblo dVfiectuer 
rdlimination du paramdtro « ct des n fonctions arbitral res A, B, . . . L. 
C’ost le rcsultat cherchd qui cst ainsi wie opnition aux diffa^enves iKirtidles 
d'ordre u. 

Dans le cas le ^dus simplo do n=l , lors(]u’il ii’existo qii’unc seule fonctioii 
arbitrairo, cetto equation anx differences partielles s obtient immediutement 
en resolvant par rapport a a et A Ics equations 

A)=0, ^(u’j y^ Cl, A) = 0 

ayant on effot 

(a% y, z), A='F {x, y, z), 
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il no restera plus traco du paramotre ni de la fonction arbitrairo dans Ics re- 
lations (2) qui deviennont : 


(lift 

iLv 


+ -r n + 


7h 


- 0 . 


d,v dtj 


d^ 

~dz 


=0j 


ct lo roHultat do roliraiiiation do x’ et y outre ces cMpiations et Toquation (4) 
est inimodiatement donne on egalant a zero lo doterininaiit : 


^ dz i/'p 

d.v dx* dx * 




dz dib dHr 

dy’ 

db d^' 
(7J’ 7lz‘ 


-1 




Sans m’arreter ii tircr de ];\ le.s equations aiix differences partiellos des cylin- 
dres, des cones etc., je prciids pour cxcmple les surfaas nylccs dont la geiie- 
ratrioc est la droito ; 


a = A;:H-]{, 7/=:ar-fr, 


CO qui nous doiinera un eas d'cdiuiiiiation de truis Ibiictioiis arbitraires. Or 
ay ant 

a^' = A, a;" = 0, a''"*-=:0; ?/' = «, = // = 


les equafioiib (»“)) et (0) dcvicunent simplenieiit 



/d^z d^z 
V/.f^’ dxdy 
d^z d^z 
(Lv\hy iLi’ily'* 



ct il ne reste plus (pUa eircctiuT relimiiuition do - , ce ipii est. Men en efiet 
lo resultat cuiiiui. 

J.a cuiisuleiMti(Jii des surraees envol()j)pes. ou s'ojlVi* uii uiude de j^eiieration 
entiereincnit diili-rciit des precedents, conduit a deiiiiir line Idnctiou r de .<• et 
y par deux eciuations (ioiiteiiant un paranuHro variable «, et dont rune est la 
deriveo do Tautre par ra])])()rt a e(‘ ])arainetre. Eii desi^^iiant de nouveau 
par A, 11, , . , L, }t Ibnctions arbitraires do a, ces conditions b’expriment 
ainsi : 

,/ (*^3 l/f o> A, B, , . , L) = 0, • ■ • • • , ) 

t ‘^'3 l/j Aj B, . . . Ii)=:0, •••••• (8) 


ct nous nous ])roposons encore de fornu'r entre la fiuicti{)ii et les variables 
indepcndaiites, uiio equation aux dilfercnces partielles qui subsisto quellos 
quo soiont (‘os fonctions do a. 

A cet diet je eoiieois ([uc x et y soient deterniiiies par les equations (7) et 
(8) en fonetion do z, do luaiiiero a avoir toujours les I’elatious preeedemment 
obtciiues : 


dz 

dx 


. , dz , 
X + Y'V ' 


-1=0, 


ilv 


!/" + 



d'z 

dxdy 
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Mais je procederai difFeremmeiit pour calculcr les derivecs : 




on raettant a profit uiic circonstancc importantc qni s'offrc lorsqu’on vcut 
tircr de ces equations les derivecs partielles Differentiaut pour cela la 

premiere pur rapport i\ .r, cu supposant « fonctioii de .r, y, z, il vient 


dx dz dx Ihl dx ’ 


ou simplement d’apres Tequation (8), 


et on obtiendrait de meme • 


dic dz dx~ ’ 


+ 'll ll = 0 . 

(hj i(z dy 


Or nous idavons plus dans cos relations les derivecs des fonctioiis arbitraires 

par rapport au parametrc, ct nous cu tirorons les quaiitites chercbes y\ 

/ » 
.... expnmees au moycn sculcment de A, B, . . . L, cii observant que 

par exempic, etant iiiio fonction eiitieremciit dtHerininec de .e ei y, que 
j’appellerai pour un moment 0 (.r, ?/), on aura 

do do do , 
dz^ dx^' dr> ’ 


d’oii Ton voit qidon devra ecrirc 

d f dz \ d'z 


d fdz \ drz j . d‘z 

dz V/.cj “ dx- ^ dxd>j ’ 


et parcillcmcnt 


dz\ dyj dxdy dtf ' 


D’apres ccla cn represcntant suivant I’lisage, les dLniv<'cs partielles du pre- 
mier ordre par p ct q ; cellos du second ordrc par r, s, t, nous aurons pour 
determiner w' ct y' , ces deux equations : 



et il cst clair qu’en continuant de differenticr par rapport a -r, on form era do 
proche en proche, les derivecs dc x ct y jbisqu’a un ordro quclconquc n — 1, 
avec cette circonstance quo les dcrivces partielles dc z jusqu’a Tordre n seront 
introduites dans leurs expressions. Il cn rcsultc <j[u’cn les substituant dans 
les relations (4), (5), (6), etc., on sera conduit a un systeme de n equations 
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ciitre ces derivJes partiellcs et Ics qiiaiitites a, A, B, 
done en y joigiiant cellcs-ci, 


f{x, y, z, a, A, B, . , 




. . . L. Nous pouvons 




Tz 


offcctucr rtdiminatiou du paraiiietrc et dcs n fonctions arbitraires ; c est lo 
HMultat clicrclie qiii est ainsi une equation aux diftereiiccs partiellcs d’ordre n. 
Nous allons en faire rapplication a deux exemples tires de la geometrie, apres 
avoir romarque quo Ics equations ci-dessus, en x et y\ jointes a la relation 
(4), p.v — 1=0, donnent par Feliminatioii do x' cty, la condition A = 0, 
A etant lo determinant du systeme suivant : 


i. 




dx‘ 




dxily dydV ^ dz ’ 


ff 

dxdh 


+ 




dz 




dxihj (Ixdz dz 

''X + /'y 

dir dy<i- dz 

d\f^ + 

dydz ^ dz^ ^ 


Mais si on ajoute aux termes de la premiere et do la scconde colonne hori- 
zontale ceux do la troisieme, multiplies d'abord par et ensuite par (/, on aura 
plus simplcment A = B'— r/ en posant: 


“ ” SiTj + <’+ .S, ■'+ %’■ 


Co rcsultat pent s’obtcnir directement d'uuc maniere tres-facilo ; je me bonie- 
rai ii en faire I’application d'abord aux surfaces develo])pable 3 enveloppe dcs 
positions d’un plan mobile : z -f a r + A// -f B = 0, cc (pii donne immediatement 
A = r, B = v^, d'oii par conse([uent I’eMpiation si connuo : 5 ^— r/ = 0. 

Boit cn second lieu les surfaces eanaux, enveloppe dcs positions d’une 
sphere do rayon constant, 

(a*— AV 4- (y—B)' + (- — <0 = rr, 


dont le centre decrit une courbe quelconque. On obtient alors 


et lo parametre s'eliininc aii moyen des relations 

.r ~ A 4- (r — a) = 0, y ~ B 4- (r — o ) ^ = 0, 

qui donnent en substitunnt dans Tequation do la sphere, 

a 

VI 4-i>“4-7' 

Do lu resulte reqiiation aux differences partiellcs du second ordre r 
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Kous no nons sommos occupes jusqu’ici de la formation des eqnationf? anx 
differences partiellcs quo dans Ic cas d\mc fonction de deux variables. 

Considerous maintenant par cxemplo unc fonction n de .r, ?/, r, en la 
delinissant par ces trois equations, oil entrent deux parametrea a, /3, ct un 
nombro qiiolconque 7i do foiictions arbitraires A, E. . . . L, de ces para- 
metres, savoir : 

<j> y, rt. fl, A, . . . L)=o, 
iy'j 1h hr Aj U? • « • Ti) = 0, 

0 (•»’, y, W, rt, h, A, B, . . . L) = 0. 


L\dimination des fonctions arbitraires s'offoctuera par la memo inethodo quo 
precedemment, et donnera pour resnltat unc e((uation aiix differences parti- 
elles d’ordre n. La memo conclusion s'obtiendra aussi cn consideb’ant les 
relations : 


j Ih ^5 





= 0 . 


Mais ellc n'a plus lieu, si Ton po'^c seulenient deux equations avee im seul 
parametre variable, savoir : 

Vi -j 1^? • • • Ih ^b ♦ • • L) = 0 J 


car alors on pout former unc eiiuation aux differences i)artielles d*ordre n, 
reprdsentant Ic resnltat do Tel iiui nation dbin noinbre do fonctions arbitraires 

, . , , 7l(ll — 1 ) 

de a supericur ii u, C't egal a — . Lorsque Ic nonibrc des qnantites 


A, E, . . . L n\‘st point conqnis dans cette rornuilo, s'il esl egal a 4 par ex- 
emplc, do sortc ([u’on nc j)uisse pas (»btenir nne ecjuation anx dtb’ivees ))ar- 
tielles du second ordre, on parviendra eu inlroduisant les derivees du troisiemo 
ordre, it plusicurs relations distinclcs an lieu d’nno seulc. (’ott(' circonstancc 
qiic prdsente souvent reliminatioii des fonctions arbitraires, luonlro qifon 
doit attaehor unc grande importance aux formes analyiiqucs oii I'eliminatioii 
doune lieu ii nne conclusion prebase, a unc sonic et nnicjno equation aux 
diffeTOuecs pariiclles ; et tel a etc Ic motif qui m\a fait entreprendre eos 
reelierebes dont jc prie TAssoeiation EritauTii<pio de vouloir bicii agrebr 
rhommage. 


Report on the Discovery of Fossils In certain remote parts of the 
North-western Highlands. By ^\ illiam Jollv. 

A LiMESToxE runs from Durness and LocliEribol, in the north of Sutherland, 
with varying thickness but more or loss continuity south hy Loch Moro.Tnebna- 
damph, LDlapool, and Loch IMarce, to Kishorn near Loch Larron, wliere it dies 
out on the mainland. This limestone rests on a thick deposit of quartzite, 
and this again on the red sandstone of the W’cst coast. All of these rocks 
enter into some of the grandest scenery of the North-western Highlands. 

These rocks were considered unfossiliforous till 1855, when Mr. Ib'ach 
made his great discovery of those fossils in the Durness limestone wdiich 
were classed hy Mr. Salter as Silurian, and the discovery of which enabled Sir 
B. Murchison to complete his classification of iho rocks of the N.W. of Scot- 
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land. These fossils were discovered in the limestone of Durness, whore tlioy 
are numerous, and where more have since then been found. This Durness 
limestone forms, geographically, an isolated basin lying to the west of the 
great strike of limestone which runs from Eribol to Skye. In this detached 
deposit only have fossils boon found, with the rarest exceptions, to be named 
below. It is important, therehu’e, that organic remains should bo found, if 
such exist, in the great lino of strike, in order to determine whether this 
last limestone is fossiliferous or not, and also whether tlio Durness lime was 
deposited under the same or under diiferent conditions. It was for the 
purpose of making diligent search alofig this great line of deposit, that a 
grant was asked and ohtuined last year from the A^sOl•i^Ltion ; as also for the 
discovery of more perfect speeiinens, and, if possible, new species, from the 
Durness lime, in order to d('terinin(‘ iiiore precisely tlie relations these fossils 
hear to the Silurian and other systems, than could be made fioin the spcci 
mens suhiiiitted to Mr. Salter in iNjS. 

Since the Edinburgh Meeting last year, search has been instituted along 
this great strike of liniestoiu^ at Diirne>s, Jjooh Eribol, Tiielinadamph, 
Elpliin, and XinhK*li('we, and will be* made at Ullapool and Loch Kishorn. 
At these points, certain clergynicn, teaclicrs, and other gentlemen have kindly 
consented to do what they can towards tlio diseovery of fossils, so that more 
sysiomatic searcli will now be made than luTidufore. (rood results may bo 
anticipated, if not in tlie discovery of fossils, at least in greater certainty as 
to the ])reseiicc or {ibsence of organic remains in these reinaikahlc rocks. 

At Duunkss, in July of last year, nniiiy line fossils were obtained, through 
the efforts of some members of tin* Comniiltee and their friends, from a re- 
markable island of limestone near Cape Wrath, called Elian Carve. Those 
fossils were shown at the Meeting in Edinburgh, and ere pronounced by 
Mr. Peach niucli liner than any lie had seen from tlie same locality. They 
have been secured as the nudeiis of a eolleetion lor the Association, A col- 
lection of line specimens was also made by a student resident in the district, 
for Professor Nicol, of AherdcHm, who now has tlnon in his jKKssession. This 
island is so dilficult of ac( e^s, except in the very calmest weather, that wo 
were unable to land both this year and la.M. In June of this year, along 
with some friends, 1 lauded on a rocky headland of limestone, on the west side 
of the ICyle of Durness, wher<* fossils are exposed on the weiilhorod surfaces 
of the limestone in remarkable niimhers, and I obtained some good speci- 
mens. Several gentlemen in the neighbourhood have kindly agreed to make 
diligent search in the Durness limestone at various points, and one of them 
has also kindly allowed the use of his boat for this purpose ; so that good 
work will bo done at tin* least possible exjiense. 

Lock Eiuhoc. — Xo fossils hii\e yet been discovered in the extensive lime- 
stone rocks on Loch Eribol. An Orthoceratite was presented to the Jermyn- 
Stroct Musmim by Sir IL Murcliison, which he got from Mr. CTark, of Eribol 
llouso. This Orthoceratite is unicpie, as being the only organism found iu 
the (piarizite. It was not, however, found in ^itn, nor at the marked 
by Sir Roderick in bis paper in the ‘Geological Journal’ of August ISOO, 
vol. xvi., but. was picked up in a detached piece of rock between Eribol 
Ilonac and the loch to the west. Lime-works have been estal)lished on Loch 
Eribol on llio limestone peninsula of Ileilim, and (|uarr\ing has been dono 
in connexion with these, but as yet no fossils have been found. These ope- 
rations alford an unwonted opportunity for their discovery, and the strictest 
watch is to be kept by the lessee. 

Inchnadampii, — 111 the immense development of limestone at the head of 
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Loch Assynt no fossil has yet been discovered, except two by Mr. Peach in 
the stinking limestone above the manse near Inchnadamph. One of these 
was an Orthoceratito. I spent some time on this limestone this year, 
but was nnsuccessfiil, except in finding a piece that may turn out to bo 
organic. Mr. Peach’s discovery shows that fossils may be found hero ; and 
the parish teacher is to make search during next year. 

Elphix is situated not far from the splendid limestone-elifF of (h'aig-an- 
Knockan, figured hy both Murchison andNieol in their papers on these rocks. 
Here the limestone is largely developed, and has been <]narried at various 
points. The teacher of the Society school is to look for fossils. 

J^ear Ullapool, on Loch Broom, there lias been a good deal of quarrying 
for lime-burning, and the sections are extensive. Something mav be dis- 
covered there. Search will be made. 

At Ktnlochewe, at the bead of Loch Maree, there is not so much lime- 
stone exposed as in other parts. The Free Church teacher there is to devote 
his spare time to a search ; hut much cannot he looked for, as the limestone 
is in contact with igneous rocks, in Glen Logan, where it is found. 

At Loch Kistiohx there is a largo exposure of limestone along the loch 
near Courthill. This will ho submitted to careful search. 

In this way the whole line of strike of this limestone from N. to S. will bo 
examined by intelligcut men, who have kindl3^ and earnestly entered into tlio 
work, and we consider ourselves fortunate in having secured such cooperation. 
The Committee confidently hope that by next ^^Loeting they will be en- 
abled to present to the Association a good collection of organic remains from 
these interesting rocks ; or, at least, to have done something that will contri- 
bute to greater certainty as to whetlier, and to what extent, these rocks are 
fossiliferous or not. 


Report of the Committee on Earthquakes in Scotland. The Committee 
consists o/Ur. Bryce, F.G.S., Sir W. Thomson, F.R.S., D. Milne- 
Home, F.R.S.E,, and J. Brough. 

As Convener of the Committee on Earthquakes iu Scotland, I have to report 
that the last year has passed without any incident coming within the scope 
of this inquiry ; there has not occurred any sensible disturbance in the 
Coraric district, or oscillation of the lakes in the neighbourhood, such as 
those recorded in former lleporls. In other parts of Scotland the same 
freedom from earthquake-movements has prevailed. .But this state of 
quiescence is not likely to continue ; and the attention of the Committee 
has been turned to the remedying of those defects wdiich from time to 
time are apt to occur witli instruments long in use, and to the extension 
of the means of observing to other localities suitably placed for the pur- 
pose. The accomplishment of tliis object renders necessary some more simple 
means of noting shocks tliaii any which have hitherto been applied by the 
Committee. The seismometer belonging to the Association, which now 
occupies the tower of the parish church of Comrie, is of too complex con- 
struction, and takes up too much room, to he applicable except in a few 
peculiar localities. Some simple and cheap method of indicating earthquake- 
movements is thus much to he desired. Any apparatus for the purpose 
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should occupy small space, bo little Hablc to derangement, capable of being 
put up in any ordinary apartment not of special construction, and its indica- 
tions such as any intelligent person could easily interpret and readily note. 
The Committee are now anxiously considering what instrumental means 
will best combine these several requisites and advantages, and wliat stations 
would be most suitable to select in extending the area of the inquiry. Mean- 
while the seismometer of the Association, which is the in\'cntiou of the late 
Principal Forbes, is kept in proper working order at Comric, where also the first 
suppleniental indicator will be set up. Princi])al Forbes’s son, Air. Geo. Forbes, 
Edinburgh, who has gained some practical ac<]uaintanee with earthquake in- 
struments at Naples, has been taken into their counsels by the Committee, and 
they have now to request that Air. Forbes he added to their luiinber. 

(Signed) J vmj:8 Brycu, Af.A., LL.l)., (^onvener, 

P.S. — During the Session of tho Association at Brighton an ( arlhqnnke of 
considerable severity occiirn'd in the Comrie district, of which an account 
will bo given next year. — J. B. 


Fourth Report of the (hmmittee appointed to investigate the Sfrnetnre 
of Cnrboniferous-Liinestone (Ujrnts, The (^onwiitiee consists of 
James Thomson, and Professor IIaukness, F.R.H. 

At the Liverpool Aleeting of tho British Association the Cunimittee inporti'd 
that they hoped, by means of a new proce.ss, to produce reju'cscntations of 
tho most delicate internal structures of corals of the Carbonifiu'ou^ serit*s. 
The necessity of such a process forced itself on the Committee l)y the circum- 
stance that none of the existing methods of rt'p resenting corals reproduced 
faithfully the details of their internal structure. 

Tho photographs of the Carboniferous corals exhibited at the l.iverpool 
Afeeting re})resented these details in some of their most dedicate forms. 
This rc.snlt had b(‘en obtained by the transmission of light through their 
sections ; and suhse(]uent investigations have led us to inter that there arc 
no better means than that of tdiotogiajdi}' for reproducing generic details. 
Great expense, however, attends this process ; and as it is also a very slow 
one, experiments have hetni made in order that tln^ same satisfactory result 
might bo more readily and loss ex])ensively obtained. 

At the Edinburgh Aleeting they were unable to lay before Section C tho 
same number of results as at the ju'evions Aleeting; hut they had so far 
succeeded as to he able to ])rodiice two plates, allliough they were not so 
perfect as was desirable : they were, however, snfiicioutly successful to 
justify the Committee in asserting that a more simple and less expoiusivo 
process was available. In tho application of this process the Committee 
have been ably assisted by Air. Bookie, the artist employed by them in 
engraving the copper-plates. 

During the past year the investigations of tho Committee have been con-* 
tinned with increasing interest. They have now made seidions of upwards 
of 1300 specimens, and have been able to add considerably to this branch of 
Palueontolog}’. 

In their Boport presented to tho Liverpool Aleeting ninety-two forms were 
alluded to ; and these presented characters suffieiently distinct to justify the 
1872. s 
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Committee in adding them to those previously described byMM.Milne-Edwards 
and Jules Haime. By this addition, the number of British Carboniferous 
corals amounts to 156 species. 

From the forms which have been recently sliced, and also from those of 
former years, the Committee have ascertained that among these species from 
300 to 400 varieties occur, an increase which is so great, and the variations 
so minute, that it becomes difficult to determine specific characters among 
these corals. 

The gradations of the varieties are in some cases so constant, and pass 
so imperceptibly into each other, that they induce the inference that there 
has been an inherent tendency in the polyp to vary independent of, but to 
be modified by, the conditions of its surroundings. 

The forms occurring in deposits which have resulted from deep water are 
not only more symmetrical in outline, but also more perfect in their internal 
structure than such as are met with in strata formed in shallow water, 
where they have been exposed to the constant shiftings and abrading influence 
of shore deposits. 

In the case of such forms as occur in a matrix originally in the state of 
fine mud, these are small in size ; and they seem to have been gradually 
exterminated by the impurity of the water, arising from tho increase of the 
fine sedimentary matter originally held in suspension. 

Many of the specimens which have been sliced are found to he perfectly 
useless from their imperfect state of fossilization. Some reveal structural 
characters not previously noticed by authors in this branch of PalaDontology ; 
it is desirable that these should be studied further before a complete classi- 
fication of this group of animal life is attempted. 

The classification of corals has in some instances been based upon external 
aspects; in others on the number and form of the septa. The number 
and arrangement of tho lamellae which pass from the inner margin of the 
primary septa and fill up the columellarian space have also been adopted as 
bases of classification. 

Some writers regard the form and position of the dissepiments of the 
endotheca as of specific importance ; and some rest generic and specific 
distinctions upon the presence or absence of tho columellarian line which 
passes from the inferior to the superior, and terminates in tho centre of the 
calice. Observations, however, justify us in inferring that, although these 
several characters are of importance, they cannot be depended upon for 
specific determinations. 

During the last fifteen years no less than 10,000 .specimens have been 
sliced, many of which show structural differences in character from such as 
have been accepted as of specific importance, which induce us to conclude 
that further examinations are necessary before determining even a variety. 

It has been stated that the columellarian line has been accepted as of 
generic value. In a new group of corals, which will form the subject of 
an extensive memoir, this line is developed, in some instances, near the 
inferior, and in others it occurs only in the superior portion of the coral. 

The dissepiments filling up the interseptal space are in some forms angular, 
in others subangular and rectangular. We have, however, recognized these 
several outlines in the same form, and cannot, therefore, accept the outline 
of the dissepiments as of specific importance. 

In the case of the mftnber of lamella3 also, some forms present the lamellse 
in one part, while in another part of the same coral the space is filled up 
by tubulee. 
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Concorning the number of the septa, this can hardly be regarded as of 
value, since this number is dependent on age and surrounding conditions 
during the growth of the polyp. 

In order that some definite rule may be obtained as a guide in the classi- 
fication of corals, it is proposed to select generic types, and, after making 
sections of these through different parts, to exhibit their structure in plates, 
from the ova to their mature forms ; and it is only when this is faithfully 
done that we can hope to determine where a species begins and a variety ends. 

Wo have, in conclusion, to thank the British dissociation and many kind 
friends for the assistance rendered us, and hope for its continuance until this 
laborious but interesting investigation be completed, as we are satisfied that 
results will be obtained commensurate with the time and expense which the 
work has cost during the last fifteen years. 

A sum considerably in excess of the grant having been expended, the 
Committee have to ask that a further grant of £2o be placed at their disposal 
for continuing the investigation. 


Report of the Committee, combtiug of J. F. Bateman, C,E., FM.S., 
P. Le Neve Fosteh, M,A., C. W. MKHRiriKLi), F. Easton, 

F.G.S,, F. J. Bkamwell, C,E., W. Hope, VA\, and II.Baveuman, 
F.G,S., appointed to consider the mode in trhich new Inventions and 
Claims for Reward in respect of adopted hiventions are examined 
and deatt with hij the different J)epart?nents of Goremnnenf , and to 
report on the best weans of iwmoving any reat causes of dissatisfac^ 
tion, as well as of silencing unfounded, complaints, 

IIavino regard to the evid^uice taken by the ('i»mini1te(‘ of the House of 
Commons on the subject of tlie Patent I.aws, in 1S71 and 1^72, on the rela- 
tions between inventors and the (Jovernment, as well ns to eoupdaints made 
in Parliament and elsewhere, your Committee were of opinion that they had 
before them sutlicient information “ as to the mode in which new inventions, 
and claims for reward in respect of adopted inventions, are examined and 
dealt with by the different deptirtinents of (Tovernment." They therefore 
did not think it necessary or desirable to examine witnesses on the subject. 

The Committee considered it fully established that the present methodical 
mode of dealing with inventions submitted to the different departments of 
(jovernment was uncertain and unsatisfact<u‘y in itself, frc(piently unjust to 
inventors, and generally detrimental to the public administration. They 
considered it established to their satisfaction, that real injustice was 
frectuoritly done to inventors, not only by neglect and procrastination in 
dealing with their claims, but also by the undue pnderence of other con- 
flicting claims urged by officers of the ditfereiit departments. Without enter- 
ing into the merits of any cases in point, it appeared beyond doubt that the 
practical judges of the inventions have been very often rival inventors within 
the departments. The Committee considered it obvious that this placed both 
the inventor and departmental officers in a false position, and that the con- 
sequent decisions could be satisfactory to nobody. As matter of evidence, 
they considered that these departmental decisions had failed to give satisfac- 
tion either to inventors or to the public. 
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It remained for the Committee to consider and report on the best means 
of removing any real causes of dissatisfaction, as well as of silencing un- 
founded complaints.'^ 

The Committee are of opinion that the primary means of effecting this 
object is to bring the adjudication of these claims within a jurisdiction inde- 
pendent of the administration of departments of the public service. As long 
as the Patent Law remains as at present, the Committee arc of opinion that 
the only satisfactory method of determining what compensation should bo 
given to inventors, in cases where the Government makes use of their inven- 
tions, is to have recourse to arbitration. Any inventor whose patented in- 
vention is used, or believed to he used, by any Government official, or agent 
under Government authority, slioiild bo at liberty to apply to the proper 
Government department, stating what is the invention used, and how and 
where, and requesting that the application be referred to the do(*ision of two 
arbitrators, who shall be appointed, one by the applicant and one by the 
Government department, with power to appoint an umpire, and that the 
proceedings bo assimilated to ordinary compensation cases. 

The Committee, hoping that the recommendations of the House of Commons 
Committee will, at an early period, be made the subjc'ct of legislation, 
recommend that steps be taken, by petition to I[('r ^fajos'ty or otherwise, to 
make the grant of Koyal Letters Patent for inventions of effect as regards the 
servants and officers of the Crown in tlu3 same way, and to the same extent, 
as Letters Patent arc of effect as regards all others of Her Mai(‘sty’s subjects. 

Your Committee feel that, if in every (‘ase officials appointed to investigate 
now inventions were required to affix their signatures to tb('ir reports, very 
beneficial results would follow, as the personal i‘esi)onsil)ility thus aliaching to 
them would ensure their full attoiitioJi, and deter them from rejecting hastily, 
or on insufficient grounds, any proposition or invention hrouglit ht‘fore them. 

The Committee consider that their Iteport would he incomplete if they did 
not call attention to an Act for presm-ving secrecy in the case of inventions 
connected with warfare. 

This Act is the 22nd Vic., cap. 1 3. Its principal provisions are : — 

Section 1. Improvements in instruments or munitions of war may he 
assigned by inventors to Secretary of State for War. 

Section 2. Foregoing enactniont may extend to assignments already made. 

Section 3, Secretary of State for War may certify to Commissioners of 
Patents that the invention should be kept secret. 

Section 4. Where he so certifies, petition for letters patent to be left with 
Clerk of Patents, under seal of Secretary of State. 

Section 5. Such packet to be kept sealed. 

Section 6. To be delivered on demand to Secretary of State or Lord 
Chancellor. 

Section 7. At expiration of patent to he delivered to Secretary of State. 

Section 8. Where Secretary of State certifies after filing of petition, docu- 
ments already filed to he put into s{‘aled packet. 

Section 9. Copy not to he sent to Scotland or Ireland, nor published, but 
otherwise provisions of Patent Acts to apply. 

Section 10. No scire facias to be brought. 

Section 11. Secretary of State may waive h^meflt of Act. 

Section 12. Communication of invention to Secretary of State not to pre- 
judice letters patent. 
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Report of the Committee for discussing Observations of Lunar Objects 
suspected of Change. The Committee consists of the Rev. T. W. 
Webb, the Rev. Robert Harley, ff/wf Edward Crossley, 

Secretary. 

Tiik Committee have pleasure in prescntinir their Second Report on the above 
subject. It will bo remembered tliat the Report of last year was confined 
principally to the discussion of the possible variations of fusibility of the 
numerous spots and cratcrlets ii])on the floor of Plato under the same condi- 
tions of illumination. That now presented is dircct^*d chiefly to the discus- 
sion of the various streaks and bright patches which interlace the spots and 
cratcrlets. 

One interesting and important change ha' been fairly shown— the floor of 
Plato becomes darker witli tlio iiicnaiso of thci sun^s altitude. "Mr. Rirt has 
Buggc.sled an eA])lanation of this phenommion. Whatever be tlui true cause 
of this change, it is very difficult to account for it by the ordinary laws of 
reflection. Whim we consider the varying aspect of the streaks at the same 
time of the luiii-solar day, we cannot but think that, with carefid observations 
made with powerful instruments, siuh as the Xewall Refractor and many 
others, wo may be able to confirm or otluTwise a jfliysical explanation of 
these curious changes involving the existence of certain gases and vapours 
upon the surface of the moon. 

The Committee can only look upon (he study of Lunar Physics as in its 
infancy, and tliey trust that in future years the Association will not overlook 
this important branch of astronomical imiuiry. 

liepovi on ilie Discffssion of Observations (f Sf real's on the Surface of the 
Lunar Crater Tiafo. Ry W. R. Biur. 

In completing the task assigned to me of discussing the observations of the 
streaks on the Hour of Plato, I havt‘ been de.siroiis of including every, oven 
the most minute, eircumstanee bearing on the exhibition of jdienomena that 
may possibly illustrate the condition of a small portion of the moon's surface 
at the epoch ISfll) April to 1871 April. Drawing my conclusions from the 
experience of twelve years, 1 feel that I may eDiilideiitly say it will he some 
years before another series of observatioiih of a ])artieular region will bo 
undertaken with the view of so closidv examining the spots and streaks eha- 
ract(‘ri/ing it, unless a statf of efliuent observers be organized wdth the pro- 
vision of a fund Mitlicieiit ly am])le to defray all the necessary expenses. Tlio 
work is a diflicull one. Tln‘ slatf should cuiiMst of not less than six devoted 
observers, who would, ii]de])end(‘iitly and most probably, as in the jiresent 
ease, work with iuslriinumts of varying aperture and carefully record all 
their observations. 'J’he ])riiicipal (pud i Heat ion is a keen eye for the apprecia- 
tion of delicate variations of tint, and the detection of minute spots of light 
with a readiness of referring them by estimation and alignimuit to the respec- 
tive localities of the region on whicti tliey arc seen. The observations should 
not be allowed to accumulate, but should he forwardt'd at once to an experi- 
enced sclcnograi)her charged with the w'ork of arranging and diseiiSvsiug them. 
Taking into coiisidi ratiun the results of the discussion of the present and 
previous years embodii'd in the two Reports, it appears that in order to con- 
firm tlu'se results, and to o])en n]> new investigations in other regions of the 
moon's surface, the reipiisite time cannot well ho fixed at less than throe 
years — five would most probably aiford the host results. 
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The results of the present work may be briefly characterized as confirming, 
by a direct reference to the sun’s altitude above the horizon of Plato, the sup- 
position that variations of tint in some measure depend on increasing and 
decreasing altitudes. The ascending and descending branches of the curve 
obtained from independent estimations of tint by the several observers are 
sufficiently near those of the sun’s altitude to enable mo to delineate a nor- 
mal curve representative of the sun’s influence in darkening the floor of Plato, 
or else in overspreading it with something of the nature of a dark covering, as 
his rays strike the surface at the increased angle of about 40 degrees. While 
this darkening influence comes out most unmistakably, there arc variations 
in the lighter and darker portions of the floor which seem quite irroconcile- 
able with solar influence of a gradual cliaracter. The treatment of tlie obser- 
vations under intervals of the luni-solar day fails to bring out any regularity 
in these variations, and it is only by treating the observations chronohujicalh/ 
that the true sequence of the changes can be detected. To do this for every 
separate streak would not only swell this Report to an unseemly length, but 
would consume more time than can be devoted to the inquiry. I have, 
nevertheless, considered separately the changes which were observed in 
August 18G9; and in order to assist in showing more distinctly these changes 
and their connexion inter se, I have introduced the hypothesis of a dark 
obscuring medium. iN^ot that 1 lay any stress upon a mere hypothesis of this 
kind ; it serves to connect the observations, and that is all ; it may or it 
may not bo true, and should therefore be held very lightly. In addition to 
this examination of the distribution of the light and dark spaces on the floor, 
I have traced from day to day the appearances of a single streak, that desig- 
nated a, from its first detection in September 1 8(>0 to the close of the obser- 
vations; and to show more conclusively that the variations manifested by this 
and neighbouring streaks were not dependent U 2 ) 0 ]i the same solar influences 
which contributed to the darkening of the iloor, I have arranged all the ob- 
servations bearing upon them in the order of intervals of the luni-solar day. 
The principal divisions of the present Report are : — 1 , the influence of the sun 
on the floor of Plato ; 2, an examination of changes recorded in August 
1869 ; 3, the history of streak a ; and 4, observers’ notes arranged in 
intervals of the luni-solar day, and embodying generally the results of the 
two years’ observations. 

It may contribute to a bettor nuderstauding of the nature of the streaks, 
their connexion with the spots, and their variability, if the physical charac- 
teristics of Plato be described. We have : — Firsts a mountain-cinctured plain, 
of about sixty miles in diameter, the wall rising to the average height of 
nearly 4000 English feet. This wall is surmounted at four points by iiecdlo- 
like pinnacles of rock, which rise to a further elevation of 3000 feet, so that 
their summits attain the height of about 7000 feet above the plain, which is 
not strictly level, the border having suflered from dislocation, which has 
raised the floor in a direction from S.E. to JST.W. Second, two systems of 
streaks, as seen between April 1869 and April 1871. They are related to the 
“ fault ” produced by dislocation. The 8.W. system consists of the “ trident,” 
the N.E. of the streaks 0, rj, and y (see fig. 1). These two systems, which 
are opposite in direction, aro intimately connected with certain spots in their 
respective neighbourhoods, the S.W. radiating from spot No. 1. Of the N.E. 
system, streak 0 emanates from spot No. 3, rj from spot No. 4, and y from 
spot No. 6. The most prominent streak on the floor is the sector W’hich takes 
its rise from spot No. 4, but has occasionally been seen in the opposite direc- 
tion, extending as far as spot No. 3. The 8.E. portion, that extending to the 
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S.E. border from spot No. 4, has, under very favourable circumstances, been 
seen by two independent observers at two different epochs as separate streaks 
radiating from spot No. 4 (see fig. 15, p. 285). Third, the N.W. portion of 
Plato, containing spots Nos. 13, 19, 16, 33, and 35, and characterized during 
the period of the observations by greater alternations of brightness and changes 
in the forms of the streaks than obtained on any other part of the floor. 



South-west area. System S.W. of the fault crossing Plato. 

a. The trident, very rarely seen complete (see figs. 5, p. 252, 6 and 7, p. 254) 
i. The S.E. arm of trident, its apparent origin spot No. 1 . 
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€. The central arm of trident, apparent origin spot No. 1. 

e. The N.W. arm of trident, apparent origin spot No. 1. 

The narrow streak forming the S.E. bifurcation in the neighbourhood of 
the N.W. arm of the trident. 

S, The N.W. bifurcation in the same locality, a narrow streak. 

South area. S.W. of the fault crossing Plato. 

p. A streak parallel with the south border. It was first seen by Mr. Pratt 
on May 13, 1870. Sco Ileport British Association, 1871, pp. 88-91 ; also 
History of Streak a, concluding paragraph, post^ p. 267. 

South-east area. N.E. of the fault crossing Plato. 

h. The sector originating at spot No. 4, of a furrowed character, ns seen 
under the most favourable circumstances. 

1. A branch from the east side of the sector, running towards the south- 
east. 

North-east area. System N.E. of the fault crossing Plato. 

/3. The streak emanating from spot No. 3. 

ry. The streak emanating from spot No. 4. 

y. The streak emanating from spot No. 6. 

d. The stem of the trident, its apparent origin spot No. 1. It is but 
rarely seen. 

5 . A curved streak seen by ^fr. Pratt on August 28, 1 869. 

North area, N.E. of the fault crossing Plato. 

K, A slightly curved streak east of spot No. 16; its northern portion is 
coincident with a. 

a. The straight streak cast of Webb’s Elbow. 

q. A branch from k crossing the locality of n, seen only by Mr. Pratt, 
August 28, 1 869. 

North-west area. S.W. of the streak crossing Plato. 

X. A straight streak nearly aligning with /3 (sec fig. 16, p. 286). 

yi/. A shorter streak parallel with X (see fig. 16, p. 286). 

c. A curved streak directed towards the N.W. arm of trident. 

0 . The continuation of o, west of Webb’s Elbow. 

?. Webb’s Elbow (see fig. 1, p. 247). 

V. A short streak parallel with Webb’s Elbow, seen once only (see fig. 16, 

p. 286). 

Streal’s hut rarehj seen. 

f. A short streak on the west part of the floor, seen by Eiger in 1866. 

g. A long streak on the west part of the floor, seen by Birt in 1 863. 

h. A short streak on the N.W. part of the floor, seem by Eiger in 1866. 
The north-eastern part would seem to be a continuation of/. 

n. A streak crossing the floor from N.N.E. to H.S.W, through spot No. 1, 
seen by Birt in 1860 and 1863, also ])y Pratt on April 12, 1870, and March 3, 
1871 (sec post, pp. 281 and 282). Both in interval 96 to 108 hours. 

The above enumeration has been drawn up with an especial view to the 
connexion existing between the spots and streaks. There are a few points 
worth notice, particularly as regards the streaks : one is, their appearing 
brightest nearest the border of Plato ; another, assuming that they have 
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their origin in spots, that they extend from higher to lower ground ; and a 
third, their sharp and definite character on some occasions contrasted with 
their extreme delicacy on others. Mr. Pratt, under date of November 9, 
18G9, wrote as follows ; — As far as I can remember, I have always forgotten 
to say hm delicate tin? chief parts of the trident are ; they arc most delicate.’* 
In the Observers’ Notes (seo^jos^, ])p. 272 to 298) there arc numerous instances 
recorded of the difficulty of detecting the stem and arms of the trident in the 
neighbourhood of spot No. 1, and oft(m of their complete disappearance. On 
the other hand, observers frequently speak of the sharp definition of certain 
streaks. As n^gards the connexion between the spots and streaks, in the 
case of the largest spot, No. 1, which is situated on the highest part of tho 
floor, it api^ears highly ])robabl(i that the three arms and stem of the trident 
arc connectiHl with it much in the same Avay as streams of lava are connected 
with the volcanic orifice from which tln-y issue ; the varying intensity of 
brightness of the arms is gr(‘atly in accordance with the supposition of their 
being the results of intermitteut emanations from an orifict‘ of this kind, of 
which the con(^ is s])ot No 1. The spot ranking next to No. 1 is No. 4, 
which ajjpeiirs to be of almost the same character as No. 1, the main difler- 
cnco being its Ireqnent ai)pearanee, which on some occasions is very 
marked. From this spot three distinct streams appear to issue : — Finty the 
sector, which is usually seen to spread out from it in a fan-shape ; very rarely 
the fan of briglitiiess has been seen striped, as if llie slope from spot No. 4 to 
tho S.E. border were furrowed, (lenerally the brightness extends as far as 
tho border, where three spots have been (although rarely) seen; and on one 
occasion a dark sj)aee, as if oceasiouod by a cloud, covered them. ^Second, 
tlio streak rj , extending to the N.E. border : this streak vitv frcipiently 
exhibits, in common with the arras of the trident, a fading of the portion 
betwe<'n the cone and tho border, so that the portion near the border is 
usually the brightest. Third, a streak ineutioiied only as an extension of 
the sector from sjjot No. 4 to spot No. 3 ; it is not often seen. The di'^posi- 
tion of the three streams indicates very probably the chftnnJs in which any 
ejecta may have dcsceiidt'd from the orifice, and in which such ejecta may 
have so accumulated as to have produced the a]>pcarance of “spurs'’ noticed 
by Mr.^j’ratt (see Kepori Erit. Assoc. 1871, p. 90 ). On either side N.W. and 
S.E. of spot No. 4 are the spots Nos. 3 and (>. The three are situated upou 
the N.E, sloi )0 from the “ fault," and from No. 3 (which, by the way, is a 
group of tlirce openings) issues the streak /3, and from No. G tho streak y. 
Tho near parallelism of the streaks /3, rj, and y rc'sults most probably from 
the positions which the S])ots from which they issue occupy on the sloping 
ground. 

The north-west part of the tloor oflors a very decided contrast to every 
other portion, charach'rized, as it has been during the two years, by consider- 
able alternations of brightness, as well as alterations in tho forms of the 
streaks found upou it. The eounoxion between tho spots and .streaks, to 
which attention has been directed, is wadi marked ; but here in the N.W. area 
it is difficult to detect such a connexion, if it exists. The principal spots aro 
Nos. 13, 19, and 1(5 ; and these lie in the principal streak of the district, and 
do not appear as orifices from which distinct streaks i.ss\ie. In whatever the 
peculiarity of this portion of Plato consists, it is one that should be most 
assiduously watched and every phenonieuou witni'sscd on it most carefully 
recorded. 

The observations had proceedtal with great care during a period of more 
than twelve months, when a. new streak made its appearance botwoon spots 
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Nos. 5 and 14. Some months afterwards a continuation of this streak east- 
ward of No. 5 was obsorvcd, and very lately it has been seen between Nos. 
14 and 22 ( jp, fig. 1, on p. 247). A very remarkable characteristic of this 
streak is its parallelism with the south border. Taking all the circumstances 
of the observations into account, it can scarcely be doubted that this is a new 
streak, the eastern and western portions being connected with spot No. 5, 
and the further continuation westward with spot No. 22. 

If it should be well established that new streaks make their appearance 
from time to time, we may be able to understand that many recorded differ- 
ences from the older delineations are to be referred not so much to errors of 


the earlier selenographers, as to real changes in the 
objects themselves; for example, this very area of rig*-. 
Plato is figured by Beer and Madler, in the first 
edition of the large map, as being crossed from N. to B. 
by/owr light streaks, as in the annexed sketch, fig. 2. 

That Madler actually saw these four streaks there can 
be little doubt, as they are distinctly mentioned in 
‘ Ber Mond.’ That they are not in existence at present 
is quite certain ; for the disposition of the streaks is noWp, - ^nd ] 

very different from that figured by Beer and Madler. 


I. 

Influence of the Sun on the Floor of Plato. 

Previous to an examination of certain non-periodic changes of brightness, 
colour, and the forms of streaks, it is essential to ascertain the normal varia- 
tions of tint as dependent upon the gradual increase and decrease of the sun’s 
altitude before and after the sun’s meridian passage. This has been ascer- 


Fig. 3. 
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. Curve of variation of tint on the floor of Plato. 

tained by noting the tint of the floor in accordance with the directions 
specified on the form for receiving the records of the observations. A 
medium tint has been regarded as the mean line, and its value fixed at 0*50 ; 
and as the curve of the sun’s altitude consists of an ascending and a descending 
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branch, and also as the floor becomes darker as the sun ascends higher, 
an ordinary light tint has been fixed at 0*33, and a dark tint at 0*6G ; very 
light and very light indeed have been registered provisionally lower than 
0*33, and very dark and very dark indeed higher than O-OG, so as to give a 
range, as regards Plato, of 1*00. The actual range resulting from 133 obser- 
vations ill two years is 0-41, and the range of solar altitude at the equinoxes 
on the parallel of is 4t)°. The cliroraatic range very nearly coincides 
with that of altitude, and the connexion between the tint of the floor and 
the effect either of light or heat is plain and unmistakable. The floor 
must therefore consist of material capable of becoming darker by exposure 
to light and heat, or it must possess a covering that may possibly be affected 
in the same way. The inflexions of the chromatic curve indicate rather 
considerable varialiility, especially in the deepening of the tint, which 
hardly accords with a permtmmt surface being heated by definite and 
regular increments of heat : and it would also ajipear that the solar effect is 
not fully attained; for although the ranges of both curves are very nearly 
equal, a mean chromatic curve drawn with a free hand would indicate an 
average lujliter floor than that which a regular heating might be expected to 
produce. So far as the writer is aware, this is the first attempt to indicate 
numericalht the chromatic effect of light or heat, or both, upon the moon’s 
surface. It has long been known that the grey plains appear darkest under a 
high sun, but the knowledge of the nature of the progression has been vague 
and undeflned. It is greatly to be desired that other spots, especially in 
lower latitudes, should be ()])scrved in the same way; but some time must 
necessarily elapse before observations of them conld be compared with those 
of Plato. 

II. 

Ax Examination oe Chang i;s iux'okdiu) in August 18G0. 

These e]iang( 8 Avere recorded in four carefully executed drawings of the 
floor of ITato by Mr. Pratt, They exhibit, first, a rapid alteration of the 
distribution of the light and dark portions of the floor between the 16th and 
1 7th of August, and a more gradual hut slight, yet still perceptible, change 
from the 17th to the 28th. (’ailing the figures in their order 4, 5, G, and 7, 
and starting with the assumption that the permanent colour of the floor is 
light (see Section on the influence of the sun on the floor of Plato), we may 
trace the changes between each of the observations, remarking at the outset 
that the spots aro presumed to be permanent as to their positions on the 
floor. 

P"ig. 4, August IG, ISGl), exhibits a disposition of the darker shading 
entirehj detaclird from the harder on every side. The shape is roughly that of 
a \V, — the Avestorn log being the widest, with spots Xus. 14, 1 , and 19 just on 
its border ; the dark sjaice forming the middle leg extending from beyond 
No. 17 to beyond No. 3, botli spots being inAolved in it; and the eastern 
leg very near the east bordcT, having spot No. G on its Avestern edge. Seven 
spots arc given on the draAving, auz. Nos. 14, I, G, and 19, just on the border 
of the darker portion, Nos. 3 and 17 in its midst, and No. 4 on the light 
portion. 

Tlieorizing merely as a help to connect and interpret the phenomena 
observed, and assuming that the lighter tint is that of the floor and the dark 
tint that of a something which varies in position, the nature of vrhich we 
have yet to learn, we have in fig. 4 its disposition on August IG, 18G9. Of 
the shading of the floor on this day ^Ir. Pratt thus writes : — “ This was more 
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curious than I had seen it before, and totally different from my former 
sketches.’^ 

Fig. e5, August 17, 1869. — In this figure we see a very considerable exten- 
sion of the dark portion of the floor, the spot No. G still marking the position 



of the western edge of the eastern log of thcAV of the IGth. On the 17th we 
find this leg had extended cpiite to the eastern border ; indt'od the whole of 
the northcrri boundary of the dark portion had become extended to tlie N., 
N.W., and \V. border ; at the same time the opening betweim tlie eastern 
and middle legs unveiling the lighter floor (?) had become (extended, so as to 
include spots Nos. 3 and 19, and to exhibit (?) spot No. 13. If this were so, 
it could oidy have been effected by a separniion of the darker substance, 
whatever it was, which, sj)reading outwards towards the border of Plato, pro- 
duced the different configuration observed on the 17th. This opening from 
the S.W. part of the floor to the east border and sector was seen by Mr. 
Gledhill on September 25, 18G9 post, p. 295, and fig. 9, p. 203). 

In the southern part of the floor we have another opening, ap])arcntly in 
the neighbourhood of spot No. 1, which joined the opening effected in the 
northern part at its western end, the N.W. arm of trident e ; and, simultane- 
ously with this opening, the dark substance near spot No. 3 overspread a 
portion of the opening between the western and middle legs, by which the 
stem and north-western arm of the trident was produced. 

That part of the darker portion just S.W. of spot No. 1 must have under- 
gone the greatest change in its disposition, inasmuch as not only was an 
opening made from No. 1 to beyond No. 14, but the substance itself must 
have increased ; for there can be no doubt that the area covered by the darker 
portion on the 17th exceeded that covered on the IGth, The effect of this 
extension was the production of the S.E. and middle arms of the trident, or, 
at least, the rendering of them apparent as compared with the IGth. 

Looking at the position of spot No. 1 in connexion with the three arms of 
the trident, can it be possible that emanations from this crater tended to 
preserve the radiating openings marked by the figure so well observed from 
the 17th to the 28th inclusive? 

In reference to August 17, ^Ir. Pratt has the following remarks : — This 
[the floor] was very remarkable : resolved to give it especial attention, and, 
after some application, succeeded in adding piece to piece till a sketch was 



OBSERVATIONS OF LUNAR OBJECTS. 


253 


completed, very strange in comparison with last night’s sketch. Its form, 
complicated as rt was, was very carefully traced in the drawing, and repeat- 
edly seen afterwards, but so delicate that it was impossible to sec the w^hole 
at once. It required to be traced out by minute attention.” Compare Mr. 
Pratt’s drawings (figs. 5, 0, and 7) Avith Mr. Grledhill’s of September 25 (fig. 
1), post, p. 2013). 

In comparing Mr. Pratt’s sketches of August 10 and 17, the transition in 
the 25 hours is veiy remarkable; indeed so much so as to indicate that some 
extraordinary change bad come ovtT the iloor in the interim : the disposition 
of light and dark is almost entirely different, yet 1 think 1 can trace the 
effect of ‘‘ action ” on tho tloor. On the 1 0th tlie lighter portion affected the 
border, the darker i>ortion being entirely separated from it. The northern 
boundary of the dark portion took the form of tho streak c and c, which was 
plainly seen on tlie 1 7th, with a dark portion on its north. Had the streak 
c and K a niotwn soiilhwurd from the north border between the two obstTva- 
tions? Again, on tlie 17lh, e, the N.W. arm of tho trident, was not sepa- 
rated from 0 . It would appear that the markings, as seen on the 17th, were 
evolvul, from the jieculiar and remarkable disposition of the light and dark 
portions seen on the HUh. It will be seen further on that, as tlie observa- 
tions proceeded, the light jiortion was not uiifrequcntly noticed to he in con- 
tact with llie north bolder. 

August 2(1. — Mr. Gledhill described the tloor as darker than the 
surface, of any of tho JAzrni = (l’911 ; the sector faiiil and all spots faint. On 
the same day ^Fr. Pratt thus graphically describes his setdngs: — ‘‘Tho 
shading on the tloor of Plato is (piite a study, and a pcu’ph^xing one ; some- 
times, when tho air is disturbed, a light sector (S.K. iKirt ), like Mr. Ifirt’s 
key-plan, is alone visible. Again, in a few minutes two streaks from Anaxa- 
goras would seem to cross the iloor, as sketch ^Fay 22, IMjll ; then, apdn, 
b(‘tween the two, a third narrower streak appeared, similar to \\'ehb's cop}' in 
‘ Celestial t)]>j(‘Cts ; ’ and as definition impnmal, a light marking near the north 
rim (/,') was seen ; and again a change, and the ap])oarance is decidedly the 
same as on the 17th of August, a near ajiproacli to Mr. Knott's sketch. 

“ These ditferent aiipearancM'S were reohservi'd, in all their curious dis- 
Bolving-view-like changes, several times over, thus beautifully showing the 
harmony that may possibly exist between the most dissimilar observations, 
and strongly suggestive (to my own mind) that the form of tho shadimj on 
the tloor iit, and that the various di^grees of visibility of its merro 

ditUeult features is oAving to the relatiA'e changes in the medium tlirough 
Avhich Ave see it — Avhether of the earth's atmosphere alone, or of an obscuring 
medium on tlie Iloor itself, must he determined by eompari^^on Avith sitni/ar 
and observations ill ditferent parts of the AVtirld. Thus Avithin 

two hours F several times saw four greatly difi'ering aspects of the shading on 
tho floor, viz. 13. & M.'s, ^Fr. liirt's, Mr. Knott’s, and my oavii." 

lS()b, August 21. — ^Fr. (Jledhill recorded the tint of floor as dark as that 
of the Marc Crisium, and that tlie light sector Avas fairly seen. 

Fig. (), August 2i3, 1S()S). — We find in this figure tho cxiinsion and 
(jatherimj up of the dark ]>nrtion still in progri'ss, altliough to a very small 
extent as compai'ed Avith the “action'’ of tho Ititli to 1 7th. Tho northern 
light portion Avas seen sojiaratod from the N.W. arm of the trident, and an 
opening made from spot No. G to the S.E. border, ajiparontly by the action 
of the spot. Some additional spots were seen on the 2t3rd — viz. No. 5 on the 
west border of the S.E. arm of the trident. No. 22 on the N.W. arm, No. lt> 
on the northern opening, and No. 7 near the east border. 
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On this day (August 23) Mr. Gledhill described the bounding lines of the 
light sector, when produced, as cutting two craters outside and above Plato, 
and the sector itself as ‘‘faint, but luminous and well seen.’’ Mr. Pratt’s 
record is as follows: — “The floor was seen as on the 20th inst., similar to 
Mr, Knott’s ; other markings of a more complicated character were very 



Plato, 1869, August 26— H. Pratt. Plato, 1869, August 28.— H. Pratt. 


strongly suspected. The trident-shaped marking a little more slender and 
elongated N.E. and S.W. than in my sketch of the 20th inst., probably an 
error in drawing its first appearance. On this drawing I have the following 
remark : — ‘ N.W. arm of trident separated from curved streak by a narrow 
neck of dark surface. The stem as on the 17th.’ ” 

1869, August 25. — Mr. Gledhill described the floor as “ not so dark as the 
upper part of Grimaldi.” 

1869, August 26. — Mr. Pratt writes : “ Shading on floor visible, precisely 
as in sketch of the 23rd of August, 1869 — viz. the long streak from the K.W. 
round by K. and crossing S.E., with the ray I towards the middle of II E ^ 
and the trident-shaped marking on the S.W. part of the floor, with the 
streak [stem of trident, d] extending halfway from spot No. 1 to No. 4,” 

1869, August 27. — Mr. Gledhill described the light sector as a very faint 
object. Spot No. 3 easily seen double, and the floor but little darker than 
the Mare Imbrium. 

1869, August 28. — Mr. Pratt’s record is as follows: — “The shading of 
the floor was seen as on the 23rd of August, with the addition of the apparent 
continuation of the streak {d) from spot No. 1 to spot No. 4, and a curved 
streak commencing abruptly at the shadow of the rock llupes Smythii (B. 
& M.’s 4), not sketched, and continued towards spot No. 3, and joining the 
streak along the north side of the floor.” These features are exhibited in 
fig. 7 ; the opening forming the stem of the trident is seen extending as far 
as the “ Sector,” and a new opening, apparently a continuation of the northern 
opening, extending north of spot No. 7 towards the east border. 

The hypothesis suggested as an explanation of the variations depicted in 
Mr. Pratt’s drawings recognizes the darker portion of the floor as possessing 
an obscuring character, and subject to changes which do not affect the lighter. 
Although looking at this hypothesis, as set forth in the above remarks, as 
explaining the variations observed by Mr. Pratt, yet it is difficult to divine 
the nature of the darker portion, as it appears to absorb light rather than 
reflect it. It is noteworthy that it is the darker portion of the floor that 



OBSERVATIONS OP LUNAR OBJECTS. 


255 


varies its tint to the greatest extent. Tliero arc further phenomena which 
require explanation ; neither the light nor the dark tints are seen at sunrise 
or sunset, but a greenish tint characterizes the floor at those times. It is 
when the sun attains an altitude of 80° that both the light and dark tints 
appear; and it has been especially noted that when the craterlets assume 
the appearance of white spots, the sun is usually about 80° high. All the 
phenomena hitherto observed on IHato, except the variations in the visibility 
of the spots, and, it may bo, in the visibility of the streaks also, depend upon 
solar influence. 

In order to guide future inquiry, it may probably be useful to present an 
enunciation of the prinei])al features of the hypothesis employed in explain- 
ing the above-recorded variations as bearing upon the lighter and darker 
markings of lunar plains generally. 

The hypothesis is based upon the Inioxvn properties of gases and their 
affections by heat. Being weU acquainted with phenomena, the proximate 
causes of which are understood, we may proceed to the study of other pheno- 
mena of which the loci are inaccessible to us, but which, being hioivcthle, 
we may also, by c)bservation and induction, become acquainted with their 
causes. 

We know that the effect of heett on all bodies whatever is to vaporize them, 
and this valorization proceeds at all temperatures, low as well as high. Wo 
also know tliat vapours behave as permanent gases, arc diffused through 
them, are clastic like them, and are expanded as tliey are by successive in- 
crements of heat. We lurtlu'r I turn that vajiours of even solid substances 
attain a stiite of maximum demsity in given volumes of gases dependent upon 
temperature ; and our kiwtvlcdffe extends a step furtlier, viz. that wlien the 
temperature of a given volume of gas is diminislied below the point of 
maximum density of any particular vapour, the superabundant vapour is 
condensed and cloud or dew are formed, and this alike of mdallic as well as 
of li(]uid substances. Now, bearing in mind these four results cognizant by 
us, the conclusion seems to be irresistible, — (1 ) that the sun shining on the 
moon 8 surface must vaporize the materials of wliich it is composed ; (:2) that 
the vapours thus raisc'.d from the surface must he dissimilar, inasmuch as 
the different reflective powers of dittcrent parts of tlie snrfac(‘ indicate the 
existence of different materials composing the surface; (8) that the different 
vapours resting on the solid surface act upon each other and upon the ma- 
terials of the surface itself, so that diffusion takes place, and maximum den- 
sities are attained as the temperature both of the surface and of the vapours 
increase; (-1) that the expansibility of the vapours raised above the surface 
by the accumulated heat of at least 177 hours of uninterrupted sunshine 
must produce ascensional extrrenfs of the liberated vapours, ciirrying them 
into colder regions, where condensation occurs, and cloud or mist is formed ; 
(5) that the attraction of gravitation acting on the condensed vapours causes 
them to descend into warmer regions, where they are dissolved ; and as the 
temperature declines less vapour is raised, and the features of the surface 
become imobscured. 

A very pertinent (picstiou may here bo asked. Is this hypothesis capable 
of substantiation, or, upon examination, is it likely to be found destitute of 
proof? In reply it may bo asked, Do the darker markings, which appear to 
be formed some time after sunrise upon tlie floor of Plato, partake of the 
nature of clouds ? and are these clouds perforated and separated by elastic 
vapours rising from a surface heated by an exposure to sunlight of 48 hours 
or more, in consequence of which its reflective powers become stronger, pro- 
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ducing the lower lighter surface ? The difficulty in this supposition is the 
dark upper surfaces of the hypothetical clouds. If we can find a vapour 
which, when illuminated by the sun, appears darker than the ordinary sur- 
face of a cloud of condensed aqueous vapour in sunlight (which, by the way, 
shines with about the same luminous intensity as the moon’s surface), wo 
shall be in a fair way of explaining the difficulty. The green colour Avhich 
is witnessed at sunrise and sunset is probably the natural colour of the floor 
of Plato, which, under the accumulated heat of the solar rays, reflects a 
lighter tint ; at the same time the condensed vapour overspreads the lighter 
floor below, giving rise to the appearances we witness. 

In applying this hypothesis to the explanation of the phenomena presented 
by Linne, it is necessary to remark that we have a shallow basin surround- 
ing a cone. The earliest appearance is that of the cone standing out from 
the dark surface around, the next of a white spot, more or less of a cloudy 
character, surrounding and hiding the cone. If the above-enunciated hypo- 
thesis he correct, it would explain the Linne phenomena thus — at sunrise 
the features are wcU marked, as neither a liberation of gas nor its condensa- 
tion has taken place : as the sun’s altitude increases, the surface around 
Linne becomes heated, reflects more light, and a sj)ot is formed at the same 
time in the lower levels; the condensation of liberated vapour not far above 
the surface produces the generally observed dark appearance of the Mare, 
obscuring on many occasions spots and craters. The remarkable instance 
of the contraction of the white spot around lanne in June 1867 may be 
explained by the condensed vapour rising higher, so as to leave a smaller 
area of the upper part of the cone visible ; or if it were at an elevation equal 
to about the summit of the co]ie of Linne, a partial cessation of the liberation 
of clastic vapour would allow it to gather around the cone, to be dispersed 
by a further eruption of vapour or gas from the orifice of the cone. 

On the 22Tid of September, 1871, I received a letter from Mr. Eiger, in 
which he says: — ‘‘Your letter of the 18th, reflating to the markings on the 
floor of Plato, has greatly interested me, inasmuch as you therein suggest a 
theory to account for the remarkable appcarunccvS observed, which seems to 
me to be well worth carefid consideration. Doubtless the sun’s heat during 
the long lunar day mast cause vaporization on the moon’s surface, and sub- 
sequent condensation of the various vapours raised follows as a matter of 
course. So far we have a vera causa which would account for a great deal, 
if we could only show that the vajumrs raised arc sufficiently dense to 2^roduce 
VISIJ3LE effects : it is highly probable that they are so, or, at all events, we 
may suppose that the varying visibility of such delicate objects as the spots 
on the floor of Plato is, to a certain extent, accounted for in this way ; but I 
would submit that, in the case of the markings, it is difficult (if the dark 
spaces between the markings are the upper surfaces of masses of vapour 
hovering over the floor, and of course varying in altitude from hour to hour) 
to account for the flxet, that since the year ISOfJ the light streaks have 
altered so little in shape and position. It seems to mo that if they were 
merely openings in the dense vapour, they would jiot only vary in position 
from lunation to lunation, but changes would take place from hour to hour, 
which could hardly be overlooked by observers with powerful instruments : 
Linne is a case in q)oint. The observation of June 1807 is in perfect liar- 
mony with your theory ; indeed the phenomena presented by this remark- 
able formation arc, I think, quite inexplicable, except by supposing agencies 
of the kind suggested by you to he in operation. At some future time, 
when selenography is more advanced, it will probably be found that all 
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objects on the Mana and hw-lyUirf tracts arc more or less variable in 
visibility.’^ 

Ill reference to Mr. Eiger’s remarks, an important question may be sug- 
gested. Is the moon surrounded by an atmosphere of elastic gas? This 
question has been answered in the negative, inasmuch as in the phenomena 
of occultations no distortion or bending of the rays of light from the stars 
occulted has been noticed. If I remember rightly, this is the basis of the 
negation : Mr. (now Sir W. 11.) Grove, in his address to the members of the 
British Association at Nottingham in 18bG, alluded to the unsolved state of 
the question ; and, supposing the moon to be constituted of similar materials 
to the earth, it must be,” he said, doubtful if there is oxygen enough to 
oxidize the metals of which she is composed ; * ^ ^ and it might lie a fair 
subject of inquiry whether, if there be any coating of oxide, it may not bo 
so thin as not to disguise the form of the congealed metallic masses, as they 
may have set in cooling from igneous fusion.” The presence of oxygen, in- 
ferred from oxidation, presupposes an atmosphere of permanently elastic gas 
or gases. From the investigations of Herr AUhaiis, it has been approxi- 
mately estimated that the moon’s hemisphere turned towards the earth 
attains at least a maximum temperature of 840'^ of Fahrenheit, upon the 
assumption that the mooirs power of absorbing heat is ecpial to that of quartz. 
The heat thus attained would very closely approximate to the tem])erature 
at which iron appears red in twilight, and exceeds the fusing-points of tin and 
lead. On the other hand, the minimum is estimated to ])e — of Fahren- 
heit, which would give a fall of about D 10° in fifteen days ; tliis would bo 
equivalent to dail}^ increments and d<*crenients of heal of about 01)° each. 
This enormous variation must be attended witli very considerable expansion 
and contraction of the gases, (dtlier present or liixu-atcd, and a very rapid 
diminution of temperature upward must result. Now about the period of 
maximum temperature of the luni-solar day tlu' surface, whatever materials 
may compose it, be in a very different condition to wliat it existed in at 
sunrise ; and this is so far visible to us by the different aspects of objects 
under high illumination, so grajdiically described l)y Webb, and also by the 
intensely glowing luminous spots, such as Aristarchus, Censorinus. Dionysius, 
iiud various streaks under a midday sun. If the heat cxcetals the melting- 
points of tin and lead, it is quite possible that, long before the maximum tem- 
pomtiirc is attained, substances may be fused and va]>ouvs given olf wbicli, 
rising {juickly to a cooler region, may be condensed and become visible to us 
as eloiid. 

As regards the streaks on Plato, it lias boon proved by observation that 
the floor is irregular, allliough it generally ap])ears to be smooth and even ; 
it is known in sonic places to rise slightly above a mean level and to sink in 
others slightly below ; and this depressed cliaracter is most jirominent at the 
interior foot of the surrounding mountain-ring. The jirincipal craterlet is 
situated upon the highest part of the floor, and from it radiate the arms and 
stem of the “ trident.” It is not at all unlikely that the great heat to wliich 
the surface is subject may at times produce eruptions from this and other 
craterlots ; indeed we appear to possc'^s evidence that this has actually taken 
place at least twice within the period of the observations ; and the arms, as 
well as the sector and great northern streak, may owe their existence to suck 
eruptions, wliich of course would give them a permanent character. Sub- 
jected to the intense cold of the lunar night, at sunrise they would only 
reflect the same amount of light as the other portions of the floor ; hut as the 
floor becomes unequally heated, some portions absoi'bing heat while others 
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reflect more light, they would stand out as luminous streaks and markings, 
to he partially or wholly obscured by any condensed vapour which may 
happen to be floating above them. An absence of condensed vapour would 
impart to the floor a sharpness and definiteness so often observed, by the aid 
of which very minute objects arc easily seen, while even a slight film, ana- 
logous to our cirrostratus cloud, would impart a mistiness by which the more 
delicate spots and streaks would be obscured, the broader features still re- 
maining visible — a state of things of which evidence exists in the observations, 
and which has been observed more or less since the time of Ilcvelius, who 
relates that ‘‘ several times he found, in skies perfectly clear, when even stars 
of the sixth and seventh magnitudes were visible, that at the same altitudo 
of the moon, the same elongation from the earth, and with one and the same 
telescope the moon and its inaculie did not appear equally lucid, clear, and 
conspicuous at all times, but were much brigliler and more distinct at some 
times than at others.’’ 

In a letter written under date of September 27, 1871, the llcv. T. AV. 
AYcbb suggests that there is more inequality than we have yet studied in 
the reflective i)Ower of difterent substances at difierent angles of illumination 
or incident light. It may bo,’’ be says, ‘‘ that difTevent colours behave 
differently when treated in this way ; and 1 suspect they do : e.(j., if from the 
surfaces of certain materials the capacity for reflection of blue rays should 
increase more rapidly than that for red, then with increasing angle of illumi- 
nation the colour of the object would slightly change, and with it its propor- 
tional visibility at a distance where colour becomes imperceptible. ^ * Is 
it not possible that other circumscribed regions in the moon, c. r/. that 
glorious Archimedes, might show variations in tlie markings even more defi- 
nite and considerably more easily dealt with than those in Plato? llio 
curiously but occasumalhj speckled and streaky aspect of the Mare Crishnn, 
as described ])y Sclirdtcr, P. & M., and others, would be a grand case w^ero 
it not so rare. If we could only find some smaller and more easily studied 
surface, equally or more frequently varied, it would be a great matter. Put 
is thcro not something of a more general character underlying, as it were, 
these special instances that has never yet been properly investigated? AVo 
lay it down, as if it were unquestionable, that local colour in the moon is 
masked in the rising and setting illumination, and comes out under high 
angles when the shadows disappear. It may be so ; but wliy ? If I took a 
piece of plaster of Paris, moulded it into all sorts of hollows and knobs, and 
painted it harlequin fashion, then the colouring would be all equally visible, 
W'hcther under oblique or vertical illiiminalion ; or, to make it more like the 
moon, if the artificial surface were only shaded with brownish or bluish greys 
we should have the same effect; as long as there was light enough to show 
it, the distinction of colour would remain. On the moon it is far less evi- 
dent, and frequently quite impcrcci)tiblc. Kow what underlies this? AMiy 
do certain very dark spots on the moon come out under high illnminatioii, 
or certain brilliant specks, being much less if at all contrasted with the 
neighbourhood when near the teiminator? Could we })rcducc an artificial 
surface which would behave in the same wiiy ? 71 7/// should this difference 

(whatever may be its cause) depend, not on the angle of incidence, but on 
that of reflection ; for the full-moon aspect extends over the whole disk, not- 
withstanding the low illumination of the regions all round the limb, many of 
which sliow spots as vivid or as deep as more central regions? Ko one, so 
far as I know, has touched at all on this very interesting point.” 

Kr. AVebh’s siiggcFlions and queries are very important, On tliat of an 
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irregular surface paiutcd with different colours presenting an equally diversi- 
fied appearance, whether the incident light were oblique or vertical, and 
the distinction of colour remaining so long as suflicient light existed to show 
it, I would remark that there can bo no doubt that the moon’s surface is as 
much variegated with colour as the earth’s, but by distance the distinction 
of colour is softened down to tones of grey, in the same manner as wo are 
ablo to distinguish nothing l)ut greys in a distant terrestrial landscape. It is 
the telcscoi)e which brings out tlio distant red-brick building or the dazzling 
whiteness of the church steeple under a noonday snn, tho predominant 
colour of the landscape being either the ddicato green of spring, the deeper 
green verging on hlaeknoss in summer, or the rich reds, browns, or yellows 
of autumn. These are the colours which characterize tho Iblialcd covering of 
the earth, interspersed with a sandy or even wdiito tint indicative of tho ex- 
istence of vast desert tracts. At the distance of the moon we only perceive 
on her Biirface various tints, from a dark blackish grey to a dazzling wliilo ; 
and these are certainly intensitied under vertical illumination, Imt most 
decidedlj' under tliat reflecting angle the value of A\liicli is measured by the 
supplement ol the diflerencc of longitude of the moon and sun when it is 
e(tual to zero, or supplement ([ —0=0^. rerhaps the following experiment 
may sot this matter in a clearer light. T.'ike an ordinaiy cream-eolourcd 
envelope and place within it a ])iocc of Iduisli paper, so that the two tints 
may appear in jiixta])o&«itioii, also a piece on which various shades of grey 
have been dabbed, as trials used in colouring. If these are lield or placed in 
such a position lliat very oblique light may fall n]>on llu-m from a lamp, 
iiltliough tho distinction of colour may be jierc e])Uble, it will Ik', umb'r the 
<(trll€st illumination, so very slight as to be hardly cognizable if 'siewed from 
an angular ])^)t^ition equal to the suiiplemeiit of 90^: f.c. Jet the lines from 
tho lamp to tho illuminated surface just grazed by the incident rays and 
from the same surface to tlie eye form an angle of now let the lamp, 

eye, and illuminated surface be brongbi into the same i>lane, although not 
into the same lino, and it will bo found that the lints Income much more 
distinct. Ko more light falls upon the surface than befoie ; but the eye views 
the surface under a different disposition of tho angles of incidence and relit c- 
tion, the conscqucjice being a hitter appreciation of its inherent light and 
shade, lly placing the differrnt shaded papers in such a position that tho 
light from the lain]) falls perpeiulicnlarly upon them, and bringing tlie o^e as 
nearly as possible into tlie same perpendicular line, we view the paper as we 
view the full moon, the tints coming out in the strongest manner possible ; 
and this is in nceordaiicc with the law that tho greatest quantity of light is 
irregularly reflected with the smalkst angle of incidence. As llic diameter 
of tlie moon subtends a maximum angle of less than thirty-three minutes of 
arc, the rays coming or reflected from her are nearly parallel ; from which it 
follows that tho ])ath of the solar rays impinging on the moon, and passing 
to the earth, will he nearly as the sides containing tho angle known as tho 
supplement of tho moon’s elongation from the sun, which at full couals 0^. 

In applying oiir experiment to the moon in all its generality, we ouglit to 
have a regular increase and decrease of liitcnsltfi of tint, subject to small hut 
also to very regular variations. Is it so? In one rcinarkabk* and W(‘li- 
ohsorved instance, at so early n period as twenty-four to thirty-six hours 
after sunrise on Iflato, the north-west portion of the floor was so strongly 
illuminated as to obliterate the well-known llorlll-A^ cst streak. This appeal ed 
to ho an ahmumal brightening of the floor, and must have been quite inde- 
pendent of illuminating or jcflcctirg angle; its htaiing upon Hr. Pratt’s 
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remi^rks relative to an xiniisual exhalation of vapour causing an extension of 
luoia area (soe post, p. 261) or a flowing together of neighbouring light-streaks 
is obvious. On the 12th of May, 1870 (the brightening of the floor was ob- 
served on the 9 th of May), it had so far subsided as to allow of the north-west 
streak being seen, one observer (Mr. Gledhill) recording it as the brightest 
on the floor, another (Mr. Eiger) registering the part east of spot No. 16 as 
very bright and well defined. This was from 96 to 108 hours after sunrise. 
That this increase of light was independent of either illumination or reflec- 
tion, except as transmitting agents, is evident from the fact that at the same 
interval from sunrise, 96 to 108 hours on the 14th of March, 1870, the eastern 
arm of the “ trident ’’ was recorded as the brightest marking. 

Mr. Pratt, writing under dates October 17 and 18, 1871, says : — A year or 
two since I was reading Kirchhoff’s ^ Memoirs,^ Roscoe’s ‘ Spectrum Analysis,^ 
and several other works on the subject, and at the same time frequently spent 
an evening in Mr. Mayall^s laboratory with his splendid spectroscope. About 
that time I often considered the possibility of vapours rising from the heated 
surface of the moon, and wondered if the dark spaces were in any way 
absorptive clouds, and became of the opinion, and am so still, that both the 
darkest and the lightest markings on the surface may be but the appearances 

of vapours Looking at Proclus, Aristarchus, and the interior of Tycho, 

I can never feel certain that their brilliancy is merely the dazzling reflection 
from naked rocks ; and that great valley running N.E. from Tycho suggests 
other causes for its whiteness than merely different incident and reflectiiig 
angles and different materials of its soil. The Mare Frigoris has very 
often suggested to me (and I have mentioned the same to you more than 
once) both the possibility and probability of its being covered with some- 
thing very foggy in its nature. It has frequently had that appearance in ray 
telescope; and while objects on the heights of the rim of Plato have been 
well defined, a general haziness has belonged to those on the Mare below, — 
full proof, I think, that the obscuration not only belonged to the moon itself, 
but was confined to its lower levels. That under the circumstances the 
intense heat must produce vapours from the surface, even if small in quantity, 
and that, once produced, they must act as your theory supposes, seems incon- 
trovertible. Some visible effects of their production, both in absorption and 
reflection of solar rays, must follow as a natural consequence ; and if those 
instances you have thought proper to adduce are not real observations of 
those visible effects, it remains for some more assiduous observers to bring 
forward more complete proof of their presence ; but I cannot then see that 
even the supposed presence of such vapours is in the least degree negatived. 
The proof of their presence by observation of their effects would only be in 
abeyance. Does not the softened margins of light-streaks generally on the 
moon suggest a vaporous origin ? Surely, in the case of Linne, it is as reason- 
able as that the white spot arises from reflection from a sui-facc of shivered 
glass. The past observations of Linne and your present theory fit well to- 
gether; and it seems to me that if one may be forgiven, for supposing the 
presence of a small quantity of moisture on the moon, then the hotter the 
surface the whiter the spots and streaks would become to our view.^^ 

[In reference to Mr. Pratt’s remark on the whiteness of the heated surface, 
I may call to mind the appearance of slated roofs under a July or August sun 
which I have noticed. It is just as if the slates had been coated with a white 
pigment. Instead of a dark slaty hue they have presented a strongly decided 
white, HO as to induce the belief that the roof had been whitewashed or 
painted white. Having given some attention lately to the so-called irregular 
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reflection of iiglit, in connexion ith the ahove remark I may notice that an 
increase of light from dark slated roofs is observed as the sun approaches 
such a position in the heavens, with regard to the eye, v.. . xoofs con- 

sisted of polished surfaces an image of the sun would be seen at the moment 
when the angle of reflection equalled the angle of incidence ; and this tendency 
to the formation of an image is greatly augmented by a falling shower, the 
rain bringing the slates more into the condition of a watoiy surface, rendering 
ilicm comparatively darker, except at those points where the two angles meet. 
Irregular and rouglnned surfaces on the moon will consequently appear 
hriyhfer at those periods in the hinatiou when the light from the sun to the 
moon, and thence to the eye, falls in the lines of incidence and reflection. 
At all limes irregular reflection from the moon is iiidcpendeni of the incident 
rays; but an a])proach to regular reflection attended with increase of light, 
the epoch of whicdi for each point of the moon’s surface is clearly calculable, 
must occur during every lunation, so that all normal brightening may bo 
easily detected.] 

“ Starting from the hypothesis, it seems to me that your explanation of the 
variation of position of the Vajhi^st real's must bo held a very reasonable one ; 
and 1 beg to adu a small su 2 )plemeni. I su])]>oso that the maxima of midday 
heat at the latitude of PL'to arc not always the same, that they run through 
a slight seasonal variation, thou a jieriodical ditlcrencc in the quantity of 
va 2 )our raised would n'sult ; and if the general outline of the light-streaks is 
the result of the local conformation of tlie ground as related to the craterlets, 
then an unusual amount of vapour raised^ might cause two or more light- 
streaks apparently to flow together for a time, producing an entire change in 
their outline, aftciavards, as the heat lessened, to resume their most usual 
appearance. I have often thought the light-streaks suggested the remem- 
brance of the mists and fogs which may be .seen on an autumnal evening 
from the elevated parts of our downs ; as evening advances the mists gradu- 
ally a])poar winding about in streaky shaiws or isolated in irregular patches, 
according to the forntation of the (/round, while their margins, sometimes 
bhai 2 >, are generally soft and ill-deflnecl, very iniieh like lunar light-streaks 
to my mind, if they coiild bo seen from a nearly peri^eiidicnlar direction. 
There is a diflicnlty as to the nature of the dark tints, supposing them to 
be cloudy coveriiigs ; but is it quite certain that the middle tint is really the 
true colour of tlie soil? AVhat if the darkest tint was the colour of the 
naked surface, and if the middle tint, which ai^pears at sunrise and .sunset, 
is a covcriiif/ of the nature of hoar fro.st, the vapour which is supposed to be 
raised during the luni-r.olar day freezing again on the sudden npjnoach of 
night? Ihit we arci supposing the presence of moisture on the moon. AVo 
must not forget the llaconian maxim.’^ 

f^Mr. rrut t’.s idea of hoar frost is very suggestive ; not that the appearance 
of the surface n{‘ar the terminator is of that nature in the sense in which wc 
employ tlie term, for one wonld think that then the reflected light would bo 
most certainly white ; yet it cannot be denied that, generally speaking, within 
about 10" of the terminator, the surface of the moon is such as wo may 
siq^posc that of the earth to j^rcsent after a cold clear frosty night, the atmo- 
s])bore being exceedingly translucent, .so that objects are readily and clearly 
visible. The lunar night must be intensely cold, with enormou-s radiation, 
by which, whatever gas or vai)our may exist, both its bulk and elasticity 
would be greatly reduced, especially towards sunrise; so that it is quite 
possible that an atmosphere, if such there bo, would bo of the rarest charac- 
ter, and this oiild fully account for the clearness and sharpness of objects at 
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divido ifc into two separate streaks, that oast of spot No. 16 being designated 
“ the wosborii part o.’* On October 19 Mr. Gledhill delineated it as a 
narrow streak (see fig. 17, p. 238) ; but as he omitted the wostern part of the 
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floor it is uncertain if the continuation reached the border. On the 21st it was 
recorded as brighter than on the 10th. On the 25th a dark space was seen 
botwoon it and the border ; and it was observed by Mr. (xlcdhill on the 20th 
and on the 27th, in the interval between 12 hours and sunset. 

LiuvUloa November 1869, //’o?n 117 hoim before to 21 hours after meridian. 

On November 14, at an earlier epoch than it had hitherto been observed, 
Mr. (Tledhill recorded the streak as seen east of spot No. 16, the western 
part 0 ’’ being absent. On January 12 Mr. Eiger (same interval, 60 to 72 
hours) showed in his drawing the continuation ‘‘ o,’’ with an extension of its 
north-west border to the north-west border of Plato, i, e. the floor from the 
south-east border of to the rim of the crater was equally bright ; this 
brightness commenced on the east at WobVs elbow. On the 19th of No- 
vember the continuation o ” was observed contemporaneously with c, wliich 
reached nearly to and was convex* towards the border. This is in contrast 
with later observations, in which c was seen concave towards the border 
(see lunation April 1870, post, p. 264). The contemporaneity of c and “ o ’’ 
indicates that a change had supervened between the first observation in 
September and November 19, on which day Mr. Gledhill recorded a as the 
brightest streak on the floor, and first observed Webb’s elbow. 

Lunation December 1869, from interval 24 to 36 hours after sunrise to interval 
48 to 36 hours before sunset. 

This lunation afforded as many as ten observations of Plato, so that the 
progression of the illumination of the streak could be well traced. At first, 
on the 12th, it was seen with difficulty, the north-west part of the floor being 
brightest. On the 13th it was still difficult to separate from the nortli and 
north-west part of the floor ; but on the 14th it was seen continued in “ of 
the two forming the bricjlitest and best-defined streak on the floor. Interval 
72 to 84 hours. The observations of December 12 and 13 are the earliest of 
the bright north-west floor, which would, from its dip towards the border, 
reflect more light soon after sunrise than at a later period of the limi-solar 
day ; and it may have been from this circumstance that the brightness of 
the streak merged into that of the floor. It is, however, noteworthy that on 
February 9, 1870, interval 24 to 36 liours after sunrise, the streak a should 
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have been seen as a sharp narrow blight streak, from the tip of tho most 
northern shadow to the north-cast border nearly parallel with a line through 
spots Nos. 1 and 4, and no mention of a bright floor in its neighbourhood. 

On December W, interval 90 to 108 hours after sunrise, tho continuation 

0 ” was seen “ fairly bright,’^ but on tho 17th it was not recorded ; a new 
phase, however, was noticed, viz. Webb’s elbow, which was continued in c, 
terminating the streak recorded as very bright on tho west. This phase was 
more fully developed on April 14, 1870. The brightness of tho streak con- 
tinued from December 17 to December 24 ; indeed it was recorded as the 
hrhjhtest on December 21, 22, and 24. 

Lunation Janium/ 1870, /rout 36 hours after sunrise to 33 hours before 
meridian ixissaije. 

On January 11, 1870, 36 to 48 hours after sunrise, tho streak was well 
seen, its brightness blending with the bright north-west floor. On the 12th, 
14th, and loth, the continuation ‘‘o” was observed. On the 151h, 132 to 
144 hours after sunrise, tho streak «, which extended from Webb’s elbow, 
was quite separated from the border. 

Lunation February 1870, /rom 24 hours after sunrise to GO hours before 
meridian passage^ 

On February 9, interval 24 to 36 hours after sunrise, as remarked under 
tho December lunation, tho streak was recorded as “ sharp, narrow, and 
bright.” Either tho streak must have been brighter than in December, as 
seen during the same interval, or the floor darker ; whichever of the two was 
the real state, tho difference is not explicable on a change of illuminating 
angle, tho altitude of the sun being the same both in December and February. 
On February 11 and 12 the streak was well seen, being recorded as very 
broad and bright on the 12th. 

Lunation March 1870, /rom meridian passage to 24 hours before sunset. 

The observations during this lunation were made under the reverse light, 
i, e, after meridian passage. On the 17th and 19th of March the streak a 
and the sector were the brightest markings on tho floor. On the 23rd, under 
a declining sun, the streak appeared diffuse and extending up to the north 
border. This is remarkable, and indicative of the brightness not being due 
to illuminating angle, which, from the slope towards the north-west border 
being turned from tho sun, would render the floor darlcr as seen hy lifr. 
Pratt on August 28, 18()9, and hy ISfr. Glcdhill on !March 24 and Novem- 
ber 15, 1870. (See Deport Prit. Assoc. 1871, pp. 86, 87.) 

Lunation April 1870, from 36 hours after sunrise to 45 hours after 
meridian passage. 

Tho principal feature in the earlier observations of this lunation is the 
indefinitcncss of the continuation “ o ” which appears in Mr, Eiger’s sketch 
of April 10 (see fig. 12, 2 ^ost, p. 275), hut was not seen hy Mr. Glcdhill as a 
distinct sharp streak on that day. On the 11th it was very hazy and ill- 
defined. On April 14, interval 132 to 144 hours, the floor presented quite 
a dificient aspect (see fig. p. 285) to that of April 10, the conlinn- 

atioii “ o” being entirely absent, and the elongation of streak c towards tho 
western arm of the trident e being concave towards the western border. On 
tho last occasion, Novemher 19, interval 168 to 156 hours, when c extended 
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towards the south-west, the concavity was in the opposite direction (see 
Lunation November 1809, ante, p. 26J3). The streak a extended on the 14th 
of April from Webb’s elbow, and was quite separated from the northern 
border of Plato. On the 15th it was recorded as very brif?ht, the projecting 
portion of c being brighter than on the 14tli, and nearly joining tho western 
arm of the trident ; tho continualion “ o ” was not seen. On the 16th c had 
disappeared, a being recorded as bright and sharp. On the 17th it was re- 
corded by Mr. Gledhill. 

In this lunatioji “ o ” was seen from 36 to 84 hours after sunrise. The 
observations of April 11, 1870, and December 14, 1869, aro synchronous as 
regards interval from sunrise. On December 14 « and o” formed together 
the hrUjhtest and best-dcfiiied streak on the floor. On April 11 “ o was very 
hazy and ill-defined. These opposite characters under the same solar alti- 
tudes, as well as those recorded in the previous February lunation, cannot be 
explained on the liypothesis of changes of illuminating angle, for there were 
none, but point to some agency operating within the enclosure of Plato, 
Tho appearance of the portion of c projecting towards the western arm 
of the trident on the 14tli, its neiirly joining tho arm on the 15th, and its 
disappearance on tho 16th, combined Avith the opposite directions of tho 
convexity in November and April, again point to recent or, wo may say, 
present local action. 

JjunatioH Mai/ 1870, from 24 hours after sunrise to 33 hours before 
me rid iati 2 >((iiscnfe, 

The commencement of the observations during this lunation was charac- 
terized by the north portion of tlic floor being brighter than hitlierto observed. 
On May 9 both Mr. Oledhill and !Mr. Hlger recorded independently this in- 
creased brightness ; in conse(jueneo tlie streak a could not bo traced. Tho 
moon’s latitude at midnight was 4° 2r*9 N., Plato at that time being north 
of its mean position. On May D) the streak « Avas seen by Mr, Gledhill. 
On May 12, interval 108 to 120 hours, or from 12 to 24 hours before tho 
apparition of tho projection c in April, this marking, although plainly seen, 
could not be traced so far to the south as in April, nor was it so sharply de- 
fined as in that lunation ; indeed all the AA’cst ])ortion of the north-Avest area 
Avas hazy as on April 1 1 and 12, and also on June 10. While this haziness 
characterized the Avestern part of tlie floor, the area east of spot No. 16 Avas 
free from it ; the streak cr, as seen by Iifr. Eiger, Avas ATry bright and well 
defined. Is not this indicatiA'c of the haziness being due to local lunar 
action, and of the restriction of such action to a very small area of the sur- 
face, also of tho ineflicieney of change in tlie illuminating angle to explain 
it ? On May 13 tho streak n Avas recorded as bright and well defined, and 
very bright at the locality of spot No. 19. 

Lunation June 1870,/rom 105 to 69 hours before meridian imssage, 

Taa^o observations only Avcrc obtained during this lunation ; the first on 
June 9, 72 to 84 hours after sunrise, AA^hcn streak a (query its continuation 

0 ”) had the same nebulous appearance which it exhibited on May 10 ; tho 
second on June 10, 96 to 108 hours after sunrise, when the eastern portion 
a was bright and Avell defined, tho western portion ‘‘o” hazy, partaking of 
the general haziness of the north-west portion of tho floor. These observa- 
tions are in striking contrast Avith those of February (see ante, p. 264), in 
which neither tho haziness nor tho continuation “ o were observed. The 



266 — 1872. 

brightness on the north-west portion of the floor appears to havo declined 
since May 0. 

Lwiation Julj 1870, /i*om 117 hours before to 81 hours after meridian 

liassa(je. 

Three observations wero obtained in this lunation, — on July 8, 60 to 72 
hours after sunrise, when streak a was seen as a bright object; on July 14 
and 16, from lf56 to 90 hours before sunset, a condensed brightness in tho 
central part of streak a being witnessed. 

Lunation Aurjust 1870, /i-om 9 hours before to 111 hours after meridian 

pas.:a(je. 

Three observations are the only ones recorded, the first on August 11 near 
meridian. In a drawing by Mr. Eiger streak a is shown as very narrow, 
and quite separated from tho north border, tho west end crossed by the 
projection c from Webb’s olbow ; “ o ” was not scon. On tho 13th the streak 
was soon by Mr. Gledhill, a dark tint of floor being recorded by Mr, Pratt. 
On the 17th the streak was recorded by Mr. Gledhill as the brightest amongst 
the faint streaks observed. 

Lunation October 1870, //•oni 81 hours before to meridian passage. 

Two observations only wero obtained, — the first on October 6, interval 9(3 
to 108 hours, when streak c was seen quite detached from tho border, and 
figured as narrow by Mr. Eiger ; tho second on October 9, seen near meri- 
dian, wdion it (a) was shown as narrow by Mr. Eiger, quite separated from 
tho north border, the west end crossed by Webb’s elbow and c ; these toge- 
ther form a curved streak, concave towards tho west border (see ante, pp, 203- 
205), tho continuation “ o ” being entirely absent. 

Lunation January 1871, /rom 103 to 132 hours before sunset. 

In tho first of two observations in this lunation, made on January 7, tlio 
north-west part of tho floor is recorded as being in tho same state as in 
August 1809 (see jiost^ p. 209) ; in the second, on January 8, Mr. Gledhill 
recorded tho streak a as sharply defined, bright, narrow, and straight. 

Lunation March \Slli,from interval 72 to 84 hours to interval 90 to 108 
hours after sunrise. 

On the second interval, 72 to 84 hours, the streak a w^as seen extending 
from spot I^'o. 19 to spots jN^os. 20 and 21 ; it is described as having been 
very distinct. On tho third interval, 90 to 108 hours, it was observed by 
Mr. Pratt as the fourth in order of brightness, the sector k and /3 being brighter. 

Erratum, — Pig. 9, p. 203, dele connexion between streaks ^ and e ; not in 
original. 


In the Eeport J3rit. Assoc. 1871, p. GO, the position of streak a is given 
as determined by three sets of measures by Mr. Gledhill of the two ends of 
the streak on September 13 and December 9, 1870, and May 1, 1871. Tho 
streak is shown in fig. 4 of that llcport as long and narrow. The numerous 
observations of the floor, including those of streak a, show that not only is 
the north-west part of the floor variable as regards its tint (light or dark), 
hut that tho positions of tho streaks are also variable ; and this variation is 
confirmed by the measures, which differ in value just as tho recorded posi- 
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tions differ among themselves* The point of intersection of the measured 
streaks is in or near the locality of spot No. 19, at which a brightness has 
been observed. If the bright streaks arc duo to ejecta (see ante, p. 249), 
their varying positions may not be difficult of explanation. 

On Hoptomber 13, 1870, the measures which determined the position of 
streak a were as follows : — 


For W. end on border parallel to longest diameter 15-3= *319. 
„ W. „ „ transverse „ 10’2='213, 

„ E. „ „ longest „ 5*9 = *123. 

„ K j, „ transverse „ 13*1 = -273, 

Oil December 9 they were as follows : — 

For IV. end on border parallel to longest diameter 1G*1=-371. 
„ W. „ „ transverse „ 4'5 = -104. 

„ E. „ „ longwt „ 2-2='051. 

„ E. „ „ transverse „ 14'7 = -339. 


lliesc measures are more in accordance with two separate streaks, or there 
may have bccii/aa>* streams of ejecta. 

As illustrative of the probable permanency of the streaks, at least for some 
time, I quote the following from observations not included in the period 
embraced liy the discussion : — 

1871, October 22; interval 12 to 24 hours (?). — Mr. Eiger noticed the 
north-west portion of the floor as e<tiially light ; and on November 27 he 
recorded the sector, Pratt’s streak p and y, as unusually easy ; a diagram is 
given of a, Webb’s elbow, and a portion of c, agreeing with fig. 14, p. 284. 

1871 , December 22, and following days. — Mr. Pratt noticed the haziness 
over the north-west portion of the floor so frequently observed in April, May, 
and Juno 1870. 

In the following pages the observations of streak a are arranged, first 
chronologically, and second in the order of intervals from sunrise to sunset. 
It is presumed that these arrangements, combined with the foregoing remarks, 
will eontribiito to give a completeness to the history of a single feature closely 
observed during the greater portion of a period of two years. 


History of Streak a, chronologically arranged. 


Period of the recorded appearance of a, 1809, Sepft. 20, to 1871, March 3. 

The entire absence of this streal' from the floor of Plato d urine/ the period of 
I)[r. PralCs observations in August 1809 is noteworthy. 


1809. h h 
»S(‘pt.20, 1G8 to iner. 

j, i ' 

^'*7 01 1 *^ 

Oct. 17, 108 „ 120. 
„ 19, 110 „ 108. 


yy 

yy 

yy 


21, 110 114. 

21, 00 „ 48. 
20), 30> „ 24. 

27, 12 „ 0. 


The first record by Mr. Eiger’s drawing with tho coiitiuii- 
ation oP 

Observations by Mr. Gledhill of the curvilinear streak from 
spot No. 13 to the sector, also of oP 
Ob not seen, c described n.s a broad band of brightness. Width 
i from spot No. 1 to rim. 

M'ell seen ; covers spot.s 13, 19, and 16 ; alignment, if pro- 
duced, would cut N. border of 11 k. M.’s A. West oP 
8I10W11 by Mr. Glodhill as a long narrow streak. Mr. Pratt 
mentions a portion of the floor near the mountain m 
on the north of tho streak as very dark. 

Brighter than on the 10th. 

Dark space between the streak and border. 

Seen by Gledhill. 

Seen by Gledhill, 
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1869. >> ’■ 

Nov. 14, CO to 72. 
„ 10, 1C8 „ 150. 


Dec. 

12, 

24 

jf 

30. 


13, 

48 

jf 

CO. 

V 


72 

)i 

84. 

)/ 

ir>, 

9G 

if 

108. 

o 

17, 

144 

Jf 

150. 

» 

10, 

108 

)) 

150. 

)) 

20, 

144 

a 

132. 

)} 

21, 

120 

7) 

108. 

}} 

22, 

90 

)) 

84. 

yj 

24, 

48 

)) 

30. 

1870. 




Jan. 

11, 

30 

if 

48. 


12, 

00 

if 

72. 

if 

14, 

108 

jj 

120. 

)) 

15, 

132 

77 

144. 

Peb. 

9, 

24 

77 

3(>. 


„ 11, 72 „ 84. 
„ 12, 06 „ 108. 


Mar. 17, iner. „ 108. 

„ 19, 1.^2 „ 120. 
„ 23, 30 „ 24. 

April 10, 30 „ 48. 

„ n, 72 „ 84. 
„ 14, 132 „ 144. 


„ 16, 108 „ mer. 


Seen Ly Gledliill east of spot No. 10 ; o ” absent. 

Continued in streak with c reaching nearly to 6, con- 
vex to border. Contrast this with later observations, in 
which it was seen concave to the border; a change is 
manifest by the conte^mporaneity of c and o.” (Seo re- 
iiiarlvs under Sept. 25, p. 295.) 

Bvujlitness of N, W. area. 

Seen with difficulty ; N. W. part of floor brightest. 

Difficult to separate from the bright N. and N.W. part of 
floor. 

Continued in “ o,” the two forming the brightest and best- 
defined streak on the floor. The brightness of the N.W. 
area appears to have subsided. 

Continued in o fairly bright. 

Ver^' bright, extending from Webb’s elbow, which is cou- 
timied in c. This phase was more fully developed on 
April 14, 1870 : Mr. Eiger’s observation. 

Recorded as bright. 

Recorded as bright, and extending from Webb’s elbow. 

The continuation o ” appears to have been lest after the 
15th. Recorded as the brightest. 

Recorded as the brightesl. 

Brighter than any oilier streak. 

Well seen ; its hrightne.ss blends with bright N.W. floor. 

Continued in o.” 

Continued in o.” 

Continued in o,” and extending from Webb’s elbow ; qiiito 
separated from hord(‘r. ]3right. 

Seen as a shaip narrow brijiht streak from the tip of the 
most northern shadow to the N,E. border, nearly parallel 
with a line through spots 1 and 4. 

Erom ]\rr. Gledhill’s measures combined the sticak 
forms an acute angle with the longest diameter throiigli 
.spots Nos. 1 and 4 (see ante. p. 207 ). 

Well seen by Mr. Gledbill. 

Very broad auel bright. 

The continuation a ” was not observed in Februarv or 
March ; in January it was ^een from GO to 144 hours after 
sunrise, also in Sept., Oct., Nov., and December. 

Recorded with sector by Mr. Gledhill as the hriyhtesi on the 
floor and easv. 

Very bright, with the sector tlic hrightest on the floor. 

Dilluso and extending up to the N. border; easily but nut 
well seen. 

Continued in ill-defined, especially at the N.W. Not 
seen by Mr. Gledhill as a distinct sharp streak, f^ee 
3'llger's drawing of this date (p. 275,). 

0 ” very hazy and ill-defined. 

Extending from Webb’s elbow, quite separated from the 
border, the streak c project’d towards the south. 8eo 
diagram by Mr. Eiger (p. 285), in wliicli the N.W. part of 
the floor presents a dilFerent aspect to that which it did 
on the 10th, four days earlier, “ o ” being entirely absent, 
and c with e exhibiting a concavity towards the border. 

Very bright, projecting portion of <; brighter than on the 
14th, and nearly joining the western arm of the trident ; 
the continuation ‘‘ o ” not seen. 
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18T0. . 

April U3, 1(3S to 1515. Bright and sharp ; projection c has disappeared. 

,, 17,144 „ 132. Recorded by Gledhill ; query 

In this April lunation o ” was seen from 3(3 to 84 
hours, after which c was seen nearly joijiing e until meri- 
dian, after which it disappeared. 

Miy 0, 21 „ 3(5. Could not bo traced, northern part of floor equally bright 

as seen by Messrs. Eiger and Gledhill. Moon’s latitude 
4^ 2I'-9 Iff. 

„ 10, 48 „ 00. Seen by Mr. Gledhill. 

„ 12, 10^ „ 120. East of No. 10 very bright and well defined, as seen by Mr. 

J'ilger. It was seen by Mr. Gledhill cast of No. 10, “ o ” 
beiii" absent on Nov. 14, 1809, interval (30 to 72 hours. 
On May 12 the projection c, although plainly seen, could 
not be traced so far to the south as in April, nor was it 
so sharply defined as in that lunation ; indeed all the 
west portion of the N.W. area was hazy as on April 11 
and 12, and also ou June 10. 

This haziness on the N.W. part of the floor while E. 
of spot No. 1(3 was well defined is very noteworthy, as 
indicative of the haziness being due to local lunar action, 
and restricts such action to a very small area of the sur- 
face. 

„ 13, 132 „ 1 14. Bright and well defined; very bright at the locality of spot 
No. 10. 

Jam' 9, 72 „ 81. Tlie streak u (query its continuation had the same 
nebulous appearance which it exhibited on May 10. The 
brightness on the N.W. part of the floor appears to have 
declined since the early part of the May lunation. 

„ 10, 0.) „ 108. The ea.st portion (a) bright and well defined, the west por- 
tion hazy ; it appeared to partake of the general liaziness 
of the N.W. quarter of the floor. 

These obaer\ations are in striking contrast with those 
of February, in which neither the liaziness nor the con- 
tinuation “ 0 ” were observed, 

July 8, ("0 „ 72. Seen as a bright object. 

„ 11,15'; ,, 144, Coiidoiisod brightness in the middle. 

„ ll), 108 „ 90. (kmdensed central portion. 

Aug. 11, 108 nier. Shown as very narrow by Mr. Eiger, and quite separated 

from the north border, the west end crossed by c and i ; 
no‘‘o.” 

„ 1.‘5, 141 „ 132. Seen by 31r. Gledhill ; dark tint of floor recorded by Pratt. 

„ 17, 48 „ 3d. Recorded by Gledhill as the hnyhtest amongst the faint 

streaks observed. 

Oct. (>, Oo ,, 108. Quite detaclied from tho border, and figured as narrow by 
Mr. Eiger; no “ o." 

„ 9, 10.8 „ mcr. Shown as narrow by Mr. Eiger, and quite separated from 

the nnrlh border ; the west end crossed by i and c, which 
together form a curved streak concave towards the west 
border, tho couliiiuatiun “ o” being entirely absent. 

Jan. 7, 1(38 150, No mention of a; the N.W. part of tho floor in tho same 

.state as in August 1809. (See figs. 4 k 5, p. 252, and figs. 
0 7, p. 254.) 

„ 8, 144 „ 13*2. Recorded by Gledhill as sharply defined, bright, narrow, 

and straight. 

Mar. 2, 72 „ 84. Extending from spots No. 10 to Nos. 20 and 21 ; very di- 
stinct. 

„ 3, 9(3 „ 108. The fourth streak in order of brightness as observed by Mr, 

Pratt, the sector k and /3 being hrufhter. 
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^ ^ Arrangement hi order of Intervah, 

24 to 36, 18G0, Dec. 12. Seen witli difliculty, N.W. port of floor bri^litest. 

1870, Feb. 9. Seen aa a sharp, narrow, bright stieak from the tip 
of the most northern shadow to the N.E. border, 
nearly parallel with a line through spots Nos. 1 
and 4, 

„ ^lay 0. Could not be traced; the northern part of the floor 
equally bright as seen by Messrs. Eiger and Gled- 
hill. Moon’s latitude at midnight 4° 21'*9 N. 

30 ,, 48, 1870, Jan. 11.- "Well seen, its brightness blending with the bright 

N.W. floor. 

„ April 10. Continued in 0 ; ” ill-defined, especially at the N.W. 

Not seen by Mr. Gledhill as a distinct sharp streak. 
See Mr. Eiger’s drawing of this date, flg. 12, }\ 275. 

48 „ CO, 18G9, Dec. 13. Diflicult to separate from the bright N. and N.W. part 
of floor. 

1870, May 10. Seen by Mr. Clod hi 11. 

CO „ 72, 18(!9, Nov. 1 1. Seen Mr. flledh ill east of spot No. 16; “o” absent. 

1870, Jan. 12. C’ontinued in 

„ July 8. Seen as a bright object by ^fr. Gledhill. 

72 „ 84, 18U0, Dec. 14. Continued in “o,” the two forming the and 

best-defined streak on the floor. 

„ Feb. 11. Well seen by Mr. Gledhill. 

„ April 11 . ‘‘0 ” very hazy and ill-delined. 

„ June 9. The streak a (query its continuation had the 

sanio nebulosity which it exhibited on ^lay 10. 

1871, Mar. 2. Very distinct, extending from spot No. 19 to No.'». 20 

and 21; “o” absent.^ 

84 „ 90 No observation. 

9d „ 108, 18('0, Dec. 15. Continued in fairly bright. 

1870, Keb. 12. Very broad and bright. 

„ June 10. The cast portion a blight and well defined, the west 
portion o ” hazy ; it appeared to partake of the 
general haziness of the N.W. quarter of the floor. 
(See note in chronological arrangement.) 

,, Oct. 0. Quite detached from the border, and figured as nan-ow 
by Mr. Eiger ; ‘‘ o ” absent. 

1871, Mar. 3. The fourth streak in order of brightness aa obscivcd 

by Mr. Pratt, the sector k and /3 being brighter. 

108 „ 120, 18C9, Oct. 17. Well seen bv^fr. Gledhill ; it co^ers spots Nos. 13i, 19, 

and 1(» ; alignment, if produced, would cut N. bol der 
of R Sc ISr.’a A. 

1870, Jan. 14. Continued in 

„ May 12. East of spot No. 16 very blight and well defined aa 
seen by Mr. Eiger ; the projection r, nlthoiigli plainly 
seen, could not be traced so far to the south as be- 
fore, nor was it so sharply defined as before ; indeed 
all the 'west p^ortion of the N.W. area "N^as hazy, as 
in April and June, 

120 „ 132 No obsenation. 

132 „ 144, 1870, Jen. 15. Centinued in “ o,’’ and extending fix m Webb s elbow ; 

quite separated from tlu^ border. 

„ April 14. Extending fioni Webb’s elbow, and quite separated 
from tlie border, the streak e projecting towards the 
south. (See note in chronological aiTungemcnt. ) 

„ May 13. Bright and well defined; very bright at tlie locality 
of spot No. 19. 

144 „ 150,18C9, Dec. 17. Very bright, extending from Webb’s elbow, which is 

continued in c. 
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h h 

15(5 to 1G8, 1809, Oct. ]0. 


Ir8 „ luer., „ Sept. 20. 

1870, April 15. 


,, Aug*. 11. 


Oct. 9. 


mev. ,, 108, ,, Mar. 17. 

1(8 „ 15(‘>, 180<), Nov. 19. 






Pec. 

19. 




1870, 

April 

JO. 




1871, 

Jan. 

7. 

150. 

n 

144, 

18(39, 

Oct. 

21. 




1870, 

.July 

14. 

144 


182, 

18()0, 

Dec. 

20. 




1870, 

April 

17. 




,, 

Aug-. 

18. 




1871, 

.1 an. 

8. 

182 

jj 

120, 

,1870, 

jNFar. 

19. 

120 


1C8, 

, 18(39, 

P( c. 

2J. 

108 


Dtb 

, 1870, 

duly 

1C». 

\)i) 


84, 

18( 9, 

Pec. 

22. 

84 

}y 

72 




72 

O 

CO, 

i809, 

Sept. 

25. 

CO 

yy 

48, 

iy 

Oct. 

25. 

48 


80, 


Pec. 

24. 



1870, 

Aug. 

17. 

80 


24, 

, 18(';9, 

Oct. 

20. 



1870, 

Miiv. 

28. 

24 

f) 


,1809, 

, Sept 

.27. 

12 


0 


Oft. 

27, 


Shown by Mr. Oledliill as a long; narrow streah ; ]\rr, 
Pratt mentions a portion of the floor near tlic moun- 
tain ” on the north of the streak ns very dark. 

Coiitiiuied in o.’* (See tig*. 8, p. 208.) 

Very briglit, the projecting* portion of c brigliter tlian 
oil tile 14th (interval 182 to 144 liours), and nearly 
joining the w(‘sterii arm of the trident,* the conti- 
nuation o ” not .‘?een. 

Shown as very narrow hy Eiger (see fig. 1 8, p. 280), 
and quite separated from tlie border, the west end 
crossed by c and ? ; no o.” 

Shown as narrow hy Mr. Eiger (see fig. 10, p. 289), and 
quite separated from the nortli border, the west end 
cross(‘d by i and c, which togetlier form a curved streak 
concave towards the west border, the continuation 
o ” being entirelv absent. 

These observations (interval 1(!8 hours to meri- 
dian passage) ar<^ quite suflicient to .show that the 
change tliat supervi'iied between the 20th of Sep- 
tember, 18()9, and the 15th of April, 1870, is in- 
dependent of illuniinaling angle and its variations, 
tlie new disposition seen in April of tlie streaks on 
the N.W. part of the floor continuing to October 9, 
1870, at this period of the liini-solar day. 

Pecorded by Mr, Glcdhill as easy, and witli the sector 
as the bnffhtest on the floor. 

Continued in streak o,” with c reaching nearly to 5 j 
coin ex to west border. This is greatly in contra.st 
with the observations of October 9, 1870 (see in- 
terval 108 liours to meridian). 

Pocorded as bright. 

Plight and sharp ; projection c has disappeared. 

No mention of n; the N.AV. part of the floor in llio 
same state as in August 18()9 (sec ligs. 5, G, and 7). 

Brighter than on the 19th of October, 18(39 (see in- 
terval 150 to 108 hours). 

Condensed brightno.ss in tlic middle. 

Pecorded as briglit, and extending from AV ebb's elbow. 

Pecorded by Oledliill; query “ o.’’ (See note in the 
ch ronolog ica 1 arra nge men t. ) 

Seen by Gledhill ; a daik tint of floor recorded bv Pratt, 

Pecorded by Gh dhill ns sharply defined, bright, nar- 
row, and straight. 

Very bright, with the sector the hn'f/litcat on the floor, 

Pecorded as the bn'(/bfesf. 

Condensed central portion. 

Pecorded as hn’r/btesf. 

No ohsorvntion. 

Mr. Gledhill observed also the curvilinear streak 
from spot No. 18 to the sector. 

Park space between the streak and border. 

lh’i(jhtcr than any other streak. 

Pecorded hy Gledhill as the briglitost amongst the 
faint streaks observe d. 

Seen by Gledhill. 

Difl’use and extending up to the north border, easily 
but not well seen. 

a not seen, c described a.s n broad band of brightness, 
width about one third tlie distance from spot No. 1 
to the border. 

Recn by Mr, Gledhill, 
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IV. 

Observers’ Notes. 

Interval 12 to 24 hours. 

State of floor at sunrise (fig. 10). — For observations at sunrise, see Report 
1871, pp.07 to 76, also p. 06, where the reader will find Mr. Pratt’s observations 


Fig. 10. 



State of floor at sunrise, 1870, !N'oy. 1, 6^^ to 0'' 40’’'. 


of sunrise. In reference to the dip of the floor to the margin there men- 
tioned, which is well established, I may remark that on the 20th of Novem- 
ber, 1871, I noticed the streaks of sunlight at sunrise terminated on the east 
at some distance from the border, indicating a considerable dip of the floor, 
if the sunlight were reflected from the true floor. (See lloporb 1871, p. 68, 
Jan. 10, 3 hours.) In referouco to the streak between spots Nos. 4 and 3, I 
would observe that the continuous observations of the streaks 17 and /5 by 
Messrs. Gledhill and Elgcr strongly indicate that they are connected with 
spots Nos. 4 and 3 ; the narrow shading between these spots, as shown by 
Mr. Pratt, is most likely a shallow depression between the streaks if Mr. 
Pratt’s suggestion of their being spurs be correct (?). — W.ll. E. Fig. 10 shows 
the dip of the floor to the E. border. Tint of floor 0*33. 

The difllculty experienced on the night of Nov. 20, 1871, in obtaining a good 
view of sunrise on Plato (if inexplicable on the fact of different apertures 
having been employed, 7^ in. on the 10th of Jan, 1870, and 2| on Nov. 20, 
1871) may have been produced by an absorptive medium within the enclosure 
of Plato ; the appearance mentioned in Report 1871, p. 63, was more intensi- 
fied than I had previously witnessed, and the western portion of Plato, that 
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nearest the western border, was darker than the eastern ; and there, where 
the sun’s rays were more obstructed than further east, the peculiar appearance 
of something reflecting the stronger light from the brighter border above the 
surface was not seen. The most expressive description that I can give, after 
twenty-four hours’ consideration, is, in ibo words of Schroter, “ a kind of fer- 
mentation.” It is certainly very unusual for the clearness of objects near the 
terminator to bo interfered with; but should there have been ‘‘vapours” in 
motion, catching momentarily the reflt*cted rays and, as the sun rose higher, 
the direct rays over the mountain-border, such an apj)earance as I witnessed 
must have been produced ; and tlie prosouce of sueli vapours may occasion 
the darker tint of the floor, and especially the indistinctness of the boundary 
of the streaks of sunlight and the edges of the shadows. T never before 
observed the floor of Plato to be so dark; but T have seen it once only 
under similar circumstances, except that of aperture. 

Interval 24 to 30 hours. 

1<S70, ^lay 0. — Mr. Eiger’s record is as follows : — “ Markings not well 
seen ” (but he does not specify them) ; “ the sector was the briglitest.” He 
also says, “ tlm northern portion of the floor [that which on August 20, 1809, 
was dark .‘ind extended between the streak c and the border) was noted as 
0(iually light ; the streak a could not be tra(‘ed.” On the same evening Mr. 
(ilodhill recordc'd the floor as light, =0*33, and that streak a was not to be 
distinguished tVoni the briglit floor all along the north border, lie described 
the streaks as faint and rather diiTiise, trie sector faint, not sharp at edges, 
and seemed broaden' Ihuu usual. Libration in latitude S. in August and N. 
ill May would tend to throw streak a apparently nearer the border in 
May ; but Gledliill could not distinguish it from the general brightness. 

(■hronolo(jical pnyj ression of Uu'reof^e cf hnfjhtness on ihe i\^. IT. p(frt of the 

floor of riato. 

On referring to Mr. Eiger's drawings of January 12, 1870, interval 60 to 
72 hours, and January 14, lS7tb interval lOS to 120 hours, 1 lind the N.W. 
part of the floor extending from Webb’s elbow to very nearly the position 
of the west arm of the trident equally light ; indeed presenting on the 12th 
a similar contour to ^Ir. Eiger’s sketch of May 10, 1870, interval 60 to 72 
hours, the dill ere nco lieing that on the 12th of January, 1870, the streak 
a was distinctly separated from the border. I’he streak a was first recorded 
by Mr. IJger on September 20, 1869, interval 1 (>S hours to meridian passage, 
and liis diagram of that date is strikingly in contrast wnth t hose of Jan. 12 
and 14, and May 9 and 10 (see fig. 8, p. 263, and fig. 11, p. 274). 

On September 23, 1869, interval 72 to 60 hours, we have a diagram (see fig. 
0, ante, p. 203) of Mr. Cledhill's in which the N.W. part of the floor is figured 
as nearly similar to Mr. Eiger’s of the 20th, the streak including the three spots 
Nos. 13, 19, and 16. On October 17, 1869, interval 108 to 120 hours, Mr. 
Gledhill again saw the streak, and described it as a “ well seen streak w^hich 
covers 13, 19, and 16;” he aligned it thus: “the streak produced E.N.E. 
would cut the north border of B. & M.’s crater A outside Plato.’’ On October 
25, 1869, interval 60 to 48 hours, Mr. Gledhill gives a diagram in which a and 
“ 0 ” occur with a dark space between the streak and the border. On November 
19, 1869, interval 168 to 156 hours, Mr. Gledhill saw the streak a with its 
continuation “ o,” Webb’s elbow, and the streak c, “ o ” and c diverging from 
the western side of Webb’s elbow. The earliest instance of an increase of light 
on the N.W. part of the floor, and of the observation of Webb’s elbow during 

1872. r 
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the present series of observations, occurred on Nov. 15, 1869, inteiTal 84 to 96 
hours. See also December 13, 1869, interval 48 to 60 hours, p. 278, when 


Fig. 11. 



I r i .d- '■ I.- If 1- 

riato, January 12, 1870. — T. G. E. Elgcr. 


Mr. Glcdhill recorded the N. and N.AV. parts of the floor as hnghtest. On De- 
cember 14, 1809, interval 72 to 84 hours, Mr. Elgcr sketched a and with 
Webb’s elbow, the west side of which merged into the streak o.’’ The streak 
c seen by Mr, Glcdhill and the spots Nos. 13, 19, and 10 were not seen. Mr. 
Gledhill mentioned the bright floor connecting a and ^ without a distinct streak. 
The next day, Dec. 15, interval 96 to 108 hours, the elbow is not separately 
given ; the two sketches (see figs. 11 and 13) very much resemble those of 
January 12 and 14, 1870. The state of the N.W. part of the floor was nearly 
similar during the two lunations, the greatest amount of light being observ- 
able at the earlier epoch in both cases. Mr. Gledhill noticed the N.W. part 
of the floor bright on January 11, interval 36 to 48 hours. In Mr. Eiger’s 
diagram of Sept. 20, 1869 (a7ite, p. 263), he gives three light markings — the 
sector the middle arm of the trident e, and a straight marking on the N.W., 
replacing the curved streak c of Pratt of August 1869. The western branch 
of this streak appears to be connected with spot No. 19. To distinguish it 
from A, which crosses it, it is designated “ o ; ” the eastern portion which 
joins the N. border is a. On December 20, 1869, interval 144 to 132 hours, 
the floor was approaching its normal state. 

1870, March 11. — Mr. Gledhill recorded' the floor as “medium, z=0*50, 
like the tint of the Mare Erigoris.” 

1870, Eebruary 9, 4.45. — Mr. Gledhill described the floor east of a line 
through spots Nos. 1 and 3, produced both ways, as “dusky.” At 7 hours 
Mr. Gledhill writes, “ E. part of floor still dusky as far as the east edge of 
sector, and a line along this edge produced to the north border.” 

Streaks coming into sunlight. — 1870, February 9, 5.40. Sector seen faint, 
but easy. Streak a seen as a sharp, narrow, bright streak, running from the 
tip of the most northern shadow across to the N.E. border; it is nearly 
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parallel with a line through spots Nos. 1 and 4, but falls a little at the east 
end. Streak y seen extending from a little S. of the middle of II E faint : 
6 hours. Streak seen running from spot No. 3 to the N. border. 

1869, December 12. — Mr. Eiger says, I could make out a portion of the 
sector, but it was exceedingly ilUdciined ; the remaining part of the floor 
appeared to be of a uniform tint.’’ Mr. Gledhill recorded the floor as light, 
= 0*33, and the sector faint, nearly as dark as the floor. The streak a seen 
with difficulty ; the N.W. portion of the floor brightest. The shadows of the 
west border had edges on the east verg well defined, as if a narrow strip of 
light fringed them without nehxdosity, [This last remark appears to be in- 
compatible with the idea of both spots and streaks being difficult of observa- 
tion on account of the bad state of the earth’s atmosphere ; for the same 
observer, with the same instrument at the same time, describes the sector 
and a as difficult, while the shadows are so well defined as to exhibit dif- 
fraction fringes. Should the paucity of spots and streaks on this occasion 
not have been dependent on our atmosphere, then we have a different state 
of things to that which conduces to the apparition of spots when streaks are 
faint, and vice versd*'] 

1870, October 3. — Mr. Eiger recorded the sector as complete and faint, 
but in strong contrast with the dark floor ; he remarks that it is unusual for 
him to see the sector at so early a period of illumination. Mr. Gledhill 
recorded the sector, with streaks a, /3, y, e, and 4^, as seen. 

JSummary. — Sun’s altitude 7® 48' •! to IP 38' *2 ; tint of floor 0*39. Streaks 
generally visible — sector, y, /3, a, and arms of trident; they are mostly faint, 
but a was seen as a narrow bright streak on February 9, 1870. 

Interval 36 to 48 hours, 

1870, April 10. — In Mr. Eiger’s diagram of this date the connexion is 
unmistakable of the sector 6 with spot No. 4, also the N.E. end of the 
streak i/ with the same spot. The connexion of streaks e, and /3 with 


Fig. 12. 



Plato, April 10, 1870.— T, G. E. Eiger. 

Spots Nos. 1, 14, and 3 respectively is also apparent. In his remarks Mr. 
Eiger says, ‘‘ the east arm of the trident was traced through spot No. 5 to 
spot No. 1 ; it usually terminates near 5.” He also says, although faint, 

u 2 


276 


REPORT — 1872. 


the markings were easily traced ; those on the east side of the floor, y, tf, and 
/3, were decidedly the brightest ; rj was represented by a bright fan- shaped 
marking close under the east wall.” [This is clearly the bright object de- 
scribed by Mr. Gledhill under date March 23, 1870, 30 to 24 hours (seepos^, 
p. 296), before sunset on Plato ; and it is evident that it retained the qua- 
lity, whatever it may have been, which contributed to its bright appearance 
during the intervening night. This quality appears to have affected the 
whole of the northern part of the floor ; for we find, 30 to 24 hours before 
the previous sunset, the streak a described by Mr. Gledhill as diffuse and 
extending up to the north border, and the following forenoon it could not be 
seen as a distinct sharp streak.” — W. 11. P.] Mr. Eiger described the streaks 
a and (seen as one) as ill-dcfincd, especially the N.W. portion of it. 
The eastern and middle arms of the trident were the only streaks seen on 
the B.W. Mr. Gledhill, same evening, gives on a diagram the i)ositions of 
the sector and streaks more or less similar to those given by Mr. Eiger, and 
they both agree in placing spot No. 5 on the east edge of Mr. Gledhill 
describes all streaks as faint, and S and 6 (query e), on tinted plate in 
‘ Student,’ p. 161, as meeting at a point two thirds the distance from the 
west border to spot No. 1. The east edge of sector is described as cutting 
the S.E. border a little west of the middle of the straight part of the S.E. 
border, and the west edge of sector cuts the south border nearly in the 
middle. Mr. Gledhill says, “ the briglitest part of the floor is the north and 
north-west, near the north border.” owas not seen as a distinct sharp streak. 
“ If,” says Mr. Gledhill, the east edge of the sector bo produced to the 
north border, the darkest part of the floor lies to the east of this line. Is 
not this the lino of fault marked in your key-plan (Report Brit. Assoc. 1861, 
p. 183) some years ago ? and is not this the portion seen brightest near 
sunset at Plato on March 24, IS70?” Mr. Gledhill noticed that the most 
southern-pointed shadow (a blunt cone) from the west border was situated 
on and in the line of the streak 6 (query e). lie does not mention the bright 
part of rj seen by ]Mr. Eiger, but gives the entire streak from spot No. 4. 

1870, July 7. — Mr. Neison recorded Ihe floor as dark, =0-66; he says. 
Never saw the floor so dark ; spots very indistinct, not visible continuously.” 
This is remarkable at so early an epoch, when the floor is generally described 
as light or bright. It is also remarkable that the spots should have been 
indistinct with so dark a floor. Mr. Eiger remarked that the sector could 
just be traced. 

1870, January 11, 5.36. — Mr. Gledhill records the floor as bright, =0*33. 

Determination of the position of sector. — See Report Brit. Assoc. 1871, pp. 
66 & 67, and ante, p. 249. 

Mr. Gledhill determined the S.E. extremity of the east edge of sector as 
cutting the S.E. border nearly iu the middle of the straight wall to the south 
of II E and the south extremity of the west edge as cutting the south 
border at a point characterized by a line through spots Nos. 3 and 17 pro- 
duced to the south border, L e. spots Nos. 3 and 17 and the south end of the 
west edge of sector alajn, [On comparing this alignment with the plan 
from Mr. GledhilFs measurements (p. 66, Report 1871), it will be seen that 
it does not agree with the plan. There is abundance of evidence to show 
that the boundaries of the markings are variable in position. — W. R. B.] 

Mr. Gledhill recorded the sector as but little brighter than the floor; in 
the darker parts streaks a, (3, rj, y, e, i were well seen. The N.W. part of 
the floor was bright, and blended with the brightness of a. 7*^ 0"*. Streak 
fi extends a little towards the S.W. of spot No. 3 ; streak ri cannot be traced 
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clearly up to the border, but it is very bright close to the border. ‘‘It 
seems,” says Mr. Gledhill, “ as if it were thrown off by the bright lofty wall 
close to the north of II E . [The dip of the floor to the border all round 
has been well determined. Does not this dip prevent not only the tracing 
of the streak, but its really extending as far as the border?] The sector 
passes on to spot No. 3, 6 (?) meets c about halfway from the west border to spot 
No. 1 (see a7ite, p. 247, tig, 1) ; they are both well seen^ are sharp, and the 
dark space between them is sharply defined. On the same day Mr. Elger^s re- 
cord was as follows : — “ The sector could be traced from spot No. 4, through 
No. 17, to the southern rim, and from No. 4 to the south of the triangular 
formation, 11 E 4^^, on the eastern rim ; but it was very faint and badly de- 
fined. The streak y was not seen ; but I remarked that the N.W. portion of 
the floor, especially near the border, was much liijhter than the remainder. 
No traces of the trident.” 

The difterence between the observations of Mr. Gledhill and Mr. Eiger is 
mainly attrihutalde to difierenee of a])erture, with a probable difference of 
atmosphere ; they both agree in the greaten* luminosily of tlie N.W. part of 
the floor in the neighbourhood of AVebb’s elbow. 

18<)0, August It). — See antej p. 2,>1. 

lW7(), Dc'cember 2. — ^Ir. Eiger described the sector ns very faint. 

IS70, November 2.— "Mr. Elg(T recorded “ faint traces of the sector.” Mr. 
Neisou remarked that the streak of light near s])ot 17 (the sector ), was much 
darker, or rath(*r less bright than usual. 

— Sim’s altitude' 1 3S'-2 to 15'- 23'-3 ; tint of floor 0'30, esti- 
mated from curve. Streaks ge'nernlly visible — sector, arms of tiident, and 
those on the noithern and eastern floor, viz. Webb’s ilbow, c, a, /k ?/, and y. 

This interval has been characterized by an extension of the sector as far 
as spot No. 3 on January 1 1, 1S70, and of streak /I be'vond the same s])ot 3 
on the same diiy. Were Uuse extensions due to activity in group 3? It 
may ho noted that streak « was well seem on the sain<‘ day. Another inter- 
esting feature of the interval is the retention, during the iiiglit between 
sunset in ^lareh and sunrise in A})iil, of the ijuality by eertaiii ])ortions of 
the floor by which tlu'y retb'ct light more strongly than under ordinary eir- 
cumstanees. The exlreiue faintness of the sector on November 2 and De- 
cember 2, l^Tth as well as its general faintness, is remarkable. 

Interval IS to (iO hours. 

1871, March 1. — Mr. (Jledhill recorded the floor as liglit, =0-33; streaks 
very faint, not well seen. 3Ir. Eiger described them as generally faint, espe- 
cially those on the southern ])art of the floor. 

187tb May 10.- Mr. Eiger s})eak8 of Ihe sector and streak y as very bright 
and sharply defined, /3 much bright (’r than rj. Trident faint, especially the 
west anil Tlie lighter jiorliou of the floor near ihe N.W. border was iainf, 
especially at the Avest ; it appeared to follow the curvature of tlie border of 
Plato, No trace of the elbow. ^Ir. Clledbill recorded the tloor as ‘‘ near 
medium^’ [registered =0'r)OJ, and the streaks bngbter than last night [the 
9th]. Mr. (iledbill menlioned his having seen a, from which it may be in- 
ferred either that the streak Avas really brighter than on the 9th (^see anU'y 
p. 273), or that the brightness on the nonliern part of the floor had declined 
in intensity. "Mr. Pratt says : “ h [the seclor] and k Avere of tlie streaks the 
most visible. The Avholo of the AAeslcni end of the floor Avhieh Avas in light 
appeared covered by a eoiitiuuous haze of brightness, the chord of the are 
running nearly N. and 8. ; a faint glimmer of f Avas all that was possible.” 



J78 


REPORT 1872, 


The light portion of the floor Mr. Pratt described as extending from the west 
border as far as the streak g and Webb’s elbow, as shown on the tinted 
plate in ‘ Student,’ April 1870, p. 161. 

1870, March \2, — Mr. Gledhill records the floor as light, like the sur- 

face of the Mare JFrigoris, ^ medium.’ ” I have registered it as 0*42. Ho 
says, all streaks seen except X, which runs west from the spot No. 3.” Of 
streak he says, “ ri does not reach up to No. 4 ; it is a brush of light near 
the inner border just to the N. of 11 E 2 .” [ Tliis certainly does not accord 

with ly, but is much nearer the position of Pratt’s 7. There appears to bo 
good evidence that the streaks slightly vary in extent and position. — W. H. P.] 

1871, January 1. — Mr. Eiger described the markings as “ all faint,” but 
did not specify them, except p, of which he says, “ the new marking on the 
south side of the floor could bo traced to the cast of spot No. 5 (to about half- 
way between 5 and 17).” In his sketch December 4, 1870, Mr. Eiger places 
spot No. 5 on the west edge of 

1870, August 6. — Mr. Glodhill recorded the floor as medium, =0*50, and 
the streaks as faint and scarcely distinguishable from tlio floor. On the 
same evening Mr. Eiger says, “ Sector seen, but its borders were very badly 
defined.” He also described the W('st imrtion of the floor as of an even light 
colour. This observation is groatl}" in accordance with ]\Ir. Pratt’s of May 10, 
1870 (see ante, p. 277); the increase of light in both cases most probably 
depended upon the same agency. 

1860, December 13. — Mr. Oledhill recorded the tint of floor as light, =0*33, 
the N. and N.W. portions being the brightest. The sector was well seen, 
extending as far as 8i)()t No, 3, with a bright base resting on the border ; 
a and its vicinity, both to tlie south and up to the north border, bright and 
difliciilt to separate. It [this bright ness j extends up to ^ [and consocpiently 
includes tc and c] ; ^ widens as it approaches the border of Plato. [Does 
Mr. Gledhill mean that the light .surface extended from the western arm of 
the ti-ident on the N.W. and N. as far as spot. No. 3? If so, the great 
northern streak would, in conseijuencc of the s('ctor {\nd c being connected 
by the extension of the sector to spot No. 3, liave nearly the same contour 
as given by Mr. Pratt on August 17, 1863, see ante, fig. 5, p. 252.] e and f 
were well seen. Neither y nor /3 were strong nor broad; rf was the faintest 
streak on the floor. 

^[r. Gledhill speaks of streak ^ widening as it approached the border. I’his 
widening is by no means an uncommon occurrence ; the sector is a familiar 
example, also the streak n has presented this plienomcnon : both tlic sector 
and ri proceed from spot No. 4, which of all the spots is characterized by the 
most remarkable appearances. Now this widening is chjsely in accordance 
with ejecta spreading from an orifice as it descends a surffieo slightly inclined. 

Mr. Eiger has shown (Report Brit. Assoc. 1871, p. 71) that the surface 
between spots Nos. 1 and 4 is depressed. Mr. Gledhill says : 1 have never 

noticed that portion of the trident east of the spot No. I ; I am looldng for 
it. I always see that portion of the trident in which spot No. 22 is situated 
as nearly in a lino with spot No. 1 and 11 E*^ ^ 

1870, October 4. — Mr. Eiger saw the sector only; it was in strong contrast 
with the floor. He also exhibits the light border skirting the west side of 
the floor. Mr. Gledhill says: — “ The west portion of the floor is the brightest ; 
the line of separation runs through a point midway between spot No. 1 and 
the west border, and both ways to the north and south borders. This space 
includes Wcbb*8 elbow, c, the west end of and S.W. end of e.” Similar 
observations of this light portion are recorded under May 9 and 10, the 
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latter by Mr. Pratt ; also on August 6 by Mr. Eiger. These obscn^ations* 
are in contrast with those of Mr. Gledhill, 18G9, December 13 (see ante, 
p. 278). 

kiwnmary, — Sun’s altitude 15'" 23'*2 to 2'*0 ; tint of floor 0-41, esti- 
mated from curve. Streaks generally visible — the sector, arms of trident, 
and a, /3, y, with /y, not ([iiite so frequent, genei ally faint ; but on Oct. 13 
Mr. Olodhill saw the streaks stronger in the S.W. On May 10, 1870, the 
streaks were recorded as blight; and on October 3 and 4, 1 870, the floor 
remained in a similar state, viz. darL\ with the sector, although faint, strongly 
contrast(‘d with it. The N.W. part of tlie floor does not appear to have 
attracted special attention on Doceniber 15, l809, March 11 and 12, 1870, 
nor on January I and March I, 1871. 

Interval GO to 72 hours. 

1870, May 10. — See interval 48 to GO hours, ante, p. 277. 

1870, July 8. — Mr. Gledhill recorded the floor as bright, =0*33. Tho 
sector and streaks «, and t were seen as bright objects. He gives no 
record of a bright 'S. W, floor. 

1870, January 12. — Mr. Gledhill writes, “ Streaks all seen, but not so 
bright as last night.” Same evening Mr. Eiger writes: — ‘."Tracing No. 1. 
(sec ante, p. 274, fig. 1 1) is from a drawing made about 7'* 23“', which, as far 
as all the markings are eoncoriKsl, scarcely differs from So. 11. for Decefiibcr 
18G0. [Tn the tiMcing for Dee. 13, l.'sGO, tlie one referred to (see tig. 13, 
p. 283), the streak y is nbsenf and l]n‘ brightness on tin* floor adjoining the 
west border.] 1 noted the sector as the plainest and be.^t defined ; the three 
branches of tlio trident could just he traced, but they were very ill-defined ; 
the fan [ry] from No. 1 was plain, and the eastern portion (under tho east 
rim) very bright as eom])are(l with the otlier markings. Tho streak y was 
well seen, though faint ; /3 eoidd also he traced, but I was nna})lc to see any 
signs of spot No. 32” I within or on it). On the same ev<‘ning, January 
12, Mr. Pratt writes: >" Sector h seen badly vithont S.E. ray f/j, and con- 
nected as Usual willi streak c | agreeing in this respect with Mr. GledhiH’s 
seeings), which appeared connected with the north border near in [this con- 
nexion is by Webb’s elbow /]. Trident observed, excepting the junction of 
its arms : its sUnn seen. Gontour of floor very similar to sketch of 1809, 
August 20.” [On Dec'cmher 13, l8Gt), Mr. Gledliiirs seeings were some- 
what similar (see interval 48 to GO hours, antr, p. 278).] 

1809, August 17. ~ See ante, p. 232. 

18G!), Nov(‘mber 1 1. -Mr. Gledhill recorded the sector as “fairly bright,” 
^ and e as liroad and bright, and extending beyond and through spots Nos. 
5 and 14 ; ft faint, and a entirely east of spot No. IG, and from it a extends 
to tho east l)order. 

Sf(nnn((ry.~-^mi'ti altitude 19° 2'*0 to 22° 3r*3 ; tint of floor 0*43, esti- 
mated from curve. Streaks generally visible — sector, cast and middle arm 
of trident; the others arc not so fretpienf, but more of them are scon, and 
they are mostly brighter than in the earlier intervals. 1870, July 7 and 8, 
there appears to have been an absence of brightness in tho N.W. part of the 
floor. 

Interval 72 to 84 hours. 

1870, April 11. — Mr. Eiger recorded that all tho markings seen on the 
10th inst. were reobsorved with the addition of the west arm of tho trident 
(€) ; “ 0 ” was very hazy and ill-defined, well seen. On tho same evening 
Mr. Gledhill recorded the floor as medium, =0’50. The north floor at the 
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foot of the north border was brightest, especially at the N.W. ; all streaks 
rather faint, especially the sector. Mr. Pratt speaks of “ cloud in the N.W. 
and S.W., where a ray from Anaxagoras appears to cross the floor, inter- 
fering with the trident, of which the arm east of spot No, 1 (f) and the west 
arm («) were much obscured. 

1871, March 2. — Mr. Eiger records the markings as mostly faint. "WebVs 
elbow and the streak a extending from spot No. 19 to spots 20 and 21 veiy 
distinct. The new marking, p (Mr. Pratt’s), wc^t of No. 6, faint but trace- 
able. 

1870, March 13. — Mr. Eiger described the markings as faint and ill- 
defined ; they were the same as seen on January 12, 1870. Mr. Gledhill 
recorded the floor as medium or light, like Mare Frigoris,” registered =0*42, 
Webb’s elbow was well seen near the foot of the inner N.W. border. 

1870, June 9. — ^Ir. Eiger recorded the markings as faint and difficult to 
trace. The streak a on the N.W. part of the floor had the same nebulous 
appearance that it had cm ^lay 10. [Mr. Eiger docs not appear to have 
noticed a brightness of the N.\\^ jjart of the floor o([ual to that observed on 
May 9.] 

1870, February 1 1 . — ^Ir. Eiger writes : — “ All the markings shown on 
tracing No. 11. (1870, January 14) were seen, but they wore very faint. 
The, three branches of the trident could just be traced.” On the same evening 
Mr. Gledhill says : — “ Streaks a, /I, y, c, f, 4" arc well seen, as .also the sector. 
I see a faint streak ^ just above the west end of a and parallel with it ; this 
streak, if x)rodu(;cd castwardly, wmiild pass just north of spot No. 3 (see 
fig. 16, 2 ^o$t, p. 286). The streak X is seen easily, it is the faintest ; streak 
/3 extends a little to the west of spot No. 3. There is a strong brush of 
light from the border just north of II from which a faint str(‘ak runs up 
to spot No. 4.” [is this Mr. Pratt’s /? its direction agn^es, but its locality 
is rather too far to the north. 8ee interval 48 to 66 hours, 1870, March 12, 
ante, p. 278.] 

1869, December 1 4. — r. Eiger recorded a and its continuation o us the 
brightest and best defined on the iloor, and bo shows Webb’s elbow in con- 
tact with the N.W. border, Mr. Gledhill mentioned the bright floor con- 
necting a and but without a divstinct streak ; he recorded the floor as 
light, = 0*33, and all the streaks as well seen, rj llie faintest, and tlu* extension 
of the sector to spot No. 3 not easy. JMr. Elg(T says : — The sector I iioted 
as faint and difficult to trace ; the middle prong of the trident appeared to be 
the brightest on the 8.W. side of the floor ; it could be traced as far as spot 
No. 14.” Mr. Pratt noticed the trident shaded off round s])ot No. 1, the 
sector nearly divided between spots Nos. 3 and 4, and y in contact with the 
sector. 

>Swmmc?r?/.— Sun’s altitude 22° 3r*3 to 25° 49'*^) ; tint of floor 0*49, esti- 
mated from curve. Streaks generally visible — sector, trident, and the N.E. 
streaks a, (i, rj, and y mostly faint ; X and fx were observed on February J 1 , 
1870 ; and a, with its continuation ** was recorded as the brightest and 
best defined on the floor on December 14,1869. 

Interval 84 to 96 hours. 

1870, March 13. — See interval 72 to 84 hours, see above. 

1870, December 4. — Mr. Elgcr M^rite.s: — “The marking connecting the 
middle and east arms of the trident, which was, I believe, first seen by Mr. 
Pratt last spring, I found a very easy object, fully as bright as the brightest 
portions of the trident ; it follows the curvature of the south border, and, 
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crossing the east arm of the trident, terminates about halfway between the 
latter and the west limit of the sector. During the May and J uno lunations 
I had faint glimi^ses of it, but it was then a more difficult object than it 
is now.” 

1870, Beptcraber 6. — Mr. Gledhill recorded the floor as dark, =0*66. 
Streaks very bnght and well seen. 

1869, November 15. — Mr. Pratt has the following remarks on the light- 
streaks : — “ The trident and sector were both reobserved complete, with the 
excei)tion of the shading off round spot No. 1. (See interval 72 to 84 hours, 
p. 280.) A considerable addition was also well ohserved, J®. The sector 
appeared widened out between spots Nos 3 and 4. 2". The N.E. streak was 

traced of the form sketched, and in contact with the bord(‘r. [This appears 
to be the earliest instance of the greater reflective power of the northern part 
of the floor, which is independent of libration, inasmuch as both on August 
26, when tlie streak was (piite free from the border, and on this day, when 
in contact with il, the moon had south latitude. It is also independent of 
illuminating angle, as it was most extensive and brightest at an interval of 
24 to 3() ln)urs (see that interval, !May 9).] 3". A tongue of light jutting 

out from the border on tlic north of Jh and M.’s i. e. the high rock at tho 
east of Plato. [This is tho streak q, fust recorded ])y !Mr. Gledhill on Oc- 
tober 19, l8t>9.J 4”. The sector [or streak] on the noith of spot No. 3 spread 
out as far as the border, and enclosing spots No. 20 and 21. 5^ The streak 

f made another contact with the border near spot No. 16 [this contact is 
Webb’s elbow]. The streak was connecl(‘d with the N.W. arm (r) of the 
trident, being continued beyond its usual termination near spot No. 13, and 
could be traced to al)out halfway towards the middh* arm (f), beyond which 
it was quite invisible.” [On the next luni-solar day, December 13, 1^(59, 
interval 48 to 60 hours, the same g<‘neral distribution of tho streaks, with 
the extension of the lighter surface to the north border, was s(‘en by Mr. 
GlcdhiU (see ante^ p, 278). ] In Mr. (Tl(‘<lhiirs observations of November lr3, 
he docs not mention the streaks separately, but gives on the dijigram tho 
sector h diverging from s])ot No. 4. He docs not indicate tlui widening out 
between spots Nos. 3 and 4, as seen by Mr. Pratt. He gives y and /5 both 
up to the border, also the streaks a and r, but does not give the continuation 
into the trident, wliich it a])jK'ars he did not i)l>serve except the streak 

1869, October 16. — Mr. Ih’att recorded the junction of the trident as 
difficult, especially so just west of spot No. 1 ; the sector and c much ilie 
brightest. 

Summarj/, — Sun's altitude 25° 49'-5 to 28° 54'-3 : tint of lloor 0*52, 
estimated from curve. Streaks generally visihli*- -the sector and trident, the 
N.E. streaks less frequent ; trident seen complete with stem on October 10 
and November 1 5 by Mr. Pratt. 

Interval 96 to 1U8 hours. 

1870, April 12. — Mr. Gledhill recorded the floor as dark, =0*66; he de- 
scribed the streaks as all brighter than on tho I llh. Mr. Pratt on the same 
e<vening recorded the' sector as very easy ; also /, tc, c, a, and ft ; q was seen, 
not as a streak, but a ionrjiie of light running from the border towards spot 
No. 4. The streak n (very rarely seen) was obseiwed extending from spot 
No. 1 to streak k ; and e, the eastern and the middle arms of the trident, were 
difficult ; the western arm of the trident was very faint. The whole area 
bounded by spots Nos. 14, 1, and 16 with the western border very Jiazy. 
Crater G on the exterior N.W. slope well defined at times. 
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1871, March. 3. — Mr. Gledhill recorded the floor as dark, = 0*66 ; the streaks 
bright, Mr. Pratt recorded the floor as medium, =0-50. This evening he 
witnessed an unusual display of streaks, as many as fifteen, which he arranged 
in order of brightness thus : — the sector, the curved streak k near the north 
border, the streak ft from the triple group of spots Nos. 3,30, and 31, the 
streak a from spot No. 10 to the N.E. border, the middle arm of the trident e, 
the N.W. curved streak c, Webh^s elbow i, the eastern arm of the trident 
the N. bifurcation of the western arm ^ and the southern bifurcation 6, 
the narrow streak from 8.W. to N.E., very rarely seen, the short arm I of 
the sector towards the S.E. also very rarely seen, the streak y from spot 
No. 6, the streak rj from spot No. 4, and the neiv streaky from spot No. 5 to 
spot No. 17 (this, Mr, Pratt remarked, was seen easihj joining the eastern 
arm of the trident and the sector from a point opposite to No. 5 to a point 
closely south of No. 17; it was narrowed about tlie middle). The streaks /3, 
Cl, and I were far brighter than in their normal state. 

1870, May 12. — Mr. Gledhill recorded the floor as dark,=0-6G, and the 
streaks bright. He does not mention the sector ; but from his remark that 
all were seen, and Mr. Eiger regarding it as ‘‘ very bright,^^ 1 have in- 
serted it. 

1870, March 14. — Mr. Eiger’s record is as follows: — The markings were 
not well seen ; the eastern arm of the trident was the brightest, and could be 
traced from the south rim of Plato to spot No. 1, passing to the west of spot 
No. 5. The streak y was very plain ; the rest of the markings were very 
faint and difficult to make out.” Mr. Eiger farther snys : — In spite of the 
haziness of the sky, the markings and minute details of the nf)rthern part of 
the Mare Lnhrium were seen with unusual distinctness.” [This is anoiher 
important testimony to the unocpial visibility of objects, and Avoiild indicate 
that the indistinctness of the markings on Plato was dependent upon some 
agency more immediately connected with the moon itself. | About an hour 
earlier on the same evening Mr. Pratt observed Plato, and recorded the mark- 
ings as rather easily visible. He observed all he had seen before, which were 
of almost the identical forms of 18G9, November 15 (see interval 84 to 90 
hours, ante, p. 281). He also recorded two bright streaks horn Anaxae/oras, 
which crossed the N.W. border, the streak r, and the N.W. arm of the 
trident, and somewhat confused at first sight the light-markings on tho 
fioor (sec ante, p. 280). 

1870, June 10. — Mr, Eiger recorded the sector and the streak y as tho 
brightest markings ; r) and ft were faint, esjiecially rj ; ft, though faint, could 
be traced up to spot No. 3. Tho eastern portion of a was briglit and well 
defined ; the west portion had a hazy appearance, as, indeed, had the whole 
of tho N.W. portion of the fioor. Mr. Gledhill described the streaks and 
spots as bright, and seen as on June 9 ; he recorded the fioor as dark, =0-G6. 

1870, February ] 2.— Mr. Gledhill recorded the floor as “medium, but 
nearer dark.” 1 have registered it at 0-55. Streaks all seen, except tho 
two faint ones X and jj . ; e, the middle arm of the trident, brighter than cither 
4* or 5 ; a very broad and bright ; ft and y well scon ; rj not distinct near spot 
•No. 4, but bright near the border of Plato. 

1870, August 8. — Mr. Gledhill recorded the fioor as rather dark, =0*70. 
Streaks not very bright, but ■well seen. 

1869, December 15. — Mr. Eiger writes: — “Tho markings on the fioor 
were much more distinct than on the 14th. The prongs of the trident (i, e, 
e), the sector (6), a fan of light extending from spot No. 4 to the east rim (?;), 
and the brush (ft), on which spot No. 32 is situated, are shown on fig. 13. 
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Mr. Eiger’s diagram of this date fully confirms the obseiTations by Mr. Gled- 
hill of the streaks /3 and and their parallelism with a in September and 


Fig. 13. 



October. I believe this to be ]Mr. Eiger’s first observation of these streaks. 
Taking into consideration the difFerence of apertures, were they first within 
reach of the smaller aperture of 4 inches on this day (December 15) ? If so, 
did they become brighter during the interval that elapsed since Mr.Gledhill 
first saw them ? At the close of the October (18()0) observations, Mr. Gledhill 
furnished the following information : — Parallel streaks on N.E. floor. I have 
gone over all my observations, and find that y (see fig. 9, ante^ p. 263) has 
always been seen except at sunrise and sunset, /3 appears in my observations for 
the first time September 25, 1809, about 11 hours. At this time the light sector 
passed beyond spot No. 4, and had its apex about spot No. 3. It was also seen 
at this point again on October 21 at 1 2 hours.” [Was there any connexion be- 
tween the sector extending as far as spot No. 3 and the streak fl emanating 
from the same spot, as if the spot or group had been in eruption ? The very 
short extension of the streak seen once or twice by Mr. Gledhill beyond 
spot No. 3 towards the S.W. is curious, as if it were an outflow in that direction 
which could not proceed in consequence of the rising of the ground.] Mr, 
Gledhill further remarks : — “ I saw /3 a few hours before sunset on Plato on 
the 27th of September, 1809, and also the sector and some other streaks. 
The streak rj was first seen by me about 11 hours on October the 19th, 1869. 
It comes from that fine summit on the crater- wall (the rock f of B. and M.) 
which casts the long shadow on the plain at sunset. The streak /3 I think 
comes from a portion of the inner slope, which is often highly illuminated ; 

and rf are nearly always seen now. [Mr, Gledhill appears to regard these 
streaks as emanating from the wall. Is it not more likely that rj emanates 
from spot No. 4, and/3 from spot No. 3 ? — W. B. B.] On the evening of De- 
cember 15,1869, Mr.Gledhill recorded the streak /3 as fairly bright, and ly 
as faint near spot No. 4, with a broad brighter base, which is, as mentioned 
elsewhere, quite in accordance with plieiiomcna of eruption from spot No. 4. 
I have made the following remarks on the form containing Mr. Glcdhiirs 
observations : — rj, which, if I remember rightly, Mr. Gledhill first saw as a 
narrow streaJc, to-niglit is described as broad, with bright base, faint near 
spot No. 4. Mr. Elgc'r on the same evening described a ‘ fan ’ of light from 
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spot Ko. 4. He has not mentioned it before. Mr. Eiger gives {3 with the 
spot No, 82, discovered by him this evening.” Mr. GledhilPs record of the 
remaining streaks observed by him is as follows : — e and f bright, broad ; 
a, (3, y, 5 fairly bright ; extends up to spot No. 4 ? ; c extends as far north as 
f .” He agrees with Mr. Eiger in recording the streaks as brighter than 
last night,” the 14th. He does not mention the sector ; but I suppose he saw 
it. In speaking of f extending to spot No. 4, does he refer to rj ? 

1870, October 6. — Mr. Gledhill recorded the floor as medium, = 0*50 ; the 
streaks very bright. Mr. Eiger, the same evening, 
described them as all faint, especially on the east 
side of the floor. Webb’s elbow and c ho de- 
scribed as plain : a sketch is given of the junction 
much the same as it was seen on August 11, 1870 
(interval 168 hours to meridian, see fig. 18, post^ 
p. 289) ; tlic western strip of light on the floor 
appears to have subsided since October 4, as ob- 3^lger. 

served on May 10, compared with May 9, 1870 (see ante, pp. 273 & 277). 

Summary, — Sun’s altitude 28"" r)4'*3 to 31° 42'*7 ; tint of floor 0*64, esti- 
mated from curve. Strealcs generally visible — sector, trident, and N.E. streak. 
The trident with stem was seen complete by Mr. Pratt on March 14, 1870. 
The streak n, which is very rarely seen indeed, was observed on April 12, 
1870, and also on March 3, 1871. The streaks w*ere mostly bright. 

Interval 108 to 120 hours. 

1870, May 12. — Mr. Eiger recorded the sector and streak y as very bright 
and well defined; fl brightest near spot No. 3, and faint at border. The 
three arms of the trident, €, e, faint, but easily traced ; the floor noted as 
very dark between € and e. The projection from Webb’s elbow, c, seen 
during the April lunation, although plainly seen, could not he traced so far 
to the south as before, and was not so sharply defined ; indeed all the west 
portion of the N.W. marking {i.e, the brightness in the N.W.) was hazy. 
[Haziness on the W. and N.W. part of the floor was noticed on April 11, 
1870, by Mr. Eiger. On April 12, 1870,' by Mr. Pratt, who described it as 
very hazy. On June 10, 1870, by Mr. Eiger.] The streak a east of spot 
No. 16 was very bright and well defined, and Webb’s elbow was very 
evident. The localities of spots Nos. 33 and 35 were the hrightcwst. On the 
same evening and interval, Mr. Pratt desciibcd the sector as hut faintly 
seen, and with the very same aspect as his first view of it, viz. a streak 
sloping more N.W. and 8.E. than usual, its western edge quite straight, its 
eastern edge slightly curved and fan-shaped ; all other streaks invisible. 

1870, January 14. — Mr. hllger writes: — ‘‘The markings were at times 
ver}" distinct, the east portion of y unusually so. I was unable to make out 
Webb’s elbow. The streaks f3, y, the sector, and trident were all di- 
stinctly seen. I much regret that the long spell of cloudy weather prevented 
me from observing the markings after the 14th instant, as I think those on 
the east side of the floor (y, rj, (3) were visible much sooner after the first 
quarter during this lunation than they were during the last. [Had they 
become brighter ? 8ce Interval 96 to 108 hours, 1 869, December 15, ante, 
pp. 282-284.] There appeared also to be something abnormal about spots 
Nos. 1, 3, 4, 5, and 17. Spots Nos. 6, 24, Ac. I was unable to make out, 
although they were seen on the 14th of December, 1869. 

1870, September 7. — Mr. Gledhill recorded the floor as dark, =0*66; 
streaks all very bright. 
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1869, November 16. — Mr. GledhiU recorded the floor as very bright, 
=0*10 ; he says: I never saw the floor so bright ; streaks very bright in- 
deed, definite and easy. I have drawn them as I saw them. That drawn 
through No. 5 does not quite reach spot No. 1. Streaks 0 and d [the 
bifurcation of e] meet halfway between the extremity of B (which originates 
at the foot of the inner slope in a bright elevation on the floor close to 
the foot, probably B. and M.’s mountain-peak B) and spot No. 1.’’ 

1869, October 17. — Mr. GledhiU recorded the floor “ as dark as the south 
part of the Mare Serenitatis (?), registered as medium, =0*50.’^ He also re- 
corded a well-seen streak which covered spots Nos. 13, 19, and 16, paraUel 
to the streak /3, whiefi, if produced to E.N.E., would cut the north border of 
crater A outside Plato. The western portion is designated o,’’ the eastern «. 

Summary, — Sun^s altitude 3P 42'*7 to 34° 11'‘5 ; tint of floor 0*57, esti- 
mated from curve. Streaks generally visible — the sector and N.E. streaks ; 
arms of trident not so frequently seen. The streaks were mostly bright, and 
especially so on November 16, 1869. 

Interval 120 to 132 hours. 

1871 , March 4. — Messrs. GledhiU and Neison record the floor as dark, 
=0*66. Mr. Neison speaks of the N.W. and S.E. portions of the floor as 
indistinct from broken light and streaks (see lleport British Association, 
1871, p. 81) ; and Mr. GledhiU speaks of the arms of the trident being very 
broad and diftuso. 

1870, June 11. — Mr, Eiger could only see the sector and the three arms 
of the trident, all faint. The same evening Mr. GledhiU recorded the floor 
dark, ==0*66; streaks bright. 

Summary, — Sun’s altitude 34° 11 '*5 to 36° 17'’5 ; tint of floor 0*60. 
Streaks generally visible — sector, arms of trident, and N.E. streaks except fj. 

Interval 132 to 144 hours. 

1870, April 14. — Mr, Eiger described the streak /3 as very plain and 
bright, brighter than y. The middle, c, the brightest portion of the trident ; 


Fie. 15. 



Plato, 1870, April 14.— T. G. E. Eiger. 

fj plain, brightest near the border, directed from the border towards spot 
No. 4 ; diminishing in breadth as it approached No. 4^ it could be traced 
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almost up to it. The sector b did not appear to be equally bright, but 
seemed to consist of light-streaks directed towards spot No. 4 (see fig. 15, 
p. 285). The most interesting feature observed this evening was a project- 
ing arm from the west end of a, apparently a continuation of Webb^s elbow 
across the end of a. Mr. Eiger speaks of it as very plain, and occupying a 
position a little east of the curved streak c, which is far from being con- 
stant in its appearance, even if it should have a permanent character. 
On this ray or projection I made the following remark when I received 
the information : — ‘‘ It appears to be a lateral translation towards the east 
of c, the portion of the curved streak west of spot No. 16, nearly in a line 
with Gledhill’s 6 ; ” and I further said, “ this has much the direction but not 
the position of Eiger’s h in the tinted plate of the ‘ Student,’ April 1870, 
p. 161.” Mr. Gledhill writes the same evening : — All streaks are very 
bright, y narrow and sharj), not well seen far from the border, Webb’s 
elbow conspicuous,” 

1870, May 13. — On this day Mr. Pratt saw no loss than 42 objects on 
the floor of Plato, 26 spots and 16 streaks. The stem of the trident was 
well seen, also the streak j) as a fan or tongue. For Mr. Pratt’s remarks on 
the streaks, see Eeport British Association, 1871, pp. 88-91. On the same 
evening, May 13, Mr. Eiger recorded the streak y aS very bright ; y) and 
faint, rj the faintest on the east side of the floor; the three arms of the tri- 
dent faint ; a bright and well defined ; c (the projection from Webb’s elbow) 
nearly as bright as at last lunation, very bright at the position of spot 
No. 10 ; sector very bright and well defined, a dark zone between its base 
and the border of Plato. [This dark zone is very unusual.] 

1870, January 15. — At 6^ Mr. Gledhill recorded all streaks bright ; ” 
the brightest were a and fl ; all others (y, 3, rjy 0 were seen well ; y, which 
was seen as a narrow sharp bright streak, not broader than spot No. 17, 
cut II a very little south of its middle point. The bright elbow {i) on 
the N.W. floor, at foot of slope of wall, was well seen. At lO** Webb’s 


Fig. 16. 



Streaks on Plato, 1870, January 15. — J. Gledhill. 


elbow was seen to throw oif an arm to the south, towards the streak 2 [this 
seems to have been a portion of the streak c]. From 12 to 13 hours, Mr. 
Gledhill says, /3 is fine and bright, but I cannot trace it beyond spot No. 3. 
The sector is very bright ; it passes beyond spot No. 4 and meets streak ft to 
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the east of spot No. 3. The elbow on the N.W. border, just to tho 8.W. of 
the end of the ridge which runs from the wall of Plato out to tho N.W., is 
well seen ; it sends out an arm to the south, which is forked. The northern 
prong, which extends to tho west border, is the extension ‘ o ’ of the streak a, 
and the southern prong c meets the streak h west of the point of junction of 
the streaks ^ and c.” Mr. Glcdhill further says, “ T also see another faint 
streak sent off from the long nortliem streak a up to tho border ; it cuts tho 
border just east of the exterior ridge.” [This taint streak is marked v ; it 
has not been reobserved. J A narrow faint streak runs from a point a little 
to the S.W. of spot No. 3, parallel to a, and joins the streak c between its 
junction with c and e ” [ this streak is marked X] ; “ there is also a still 
fainter and sliorter streak (/i) just south of a, or rather its continuation, “ o.” 
1 tried to see fl and tho streak X as a continuous streak, but. co\ild not; 
neither did I find that they were tjutfe in the same S.AV. direction, but they 
were very nearly so inde(*d. ?; could not be traced quite up to spot No. 4*; 
on the l)order it was a large s(iuare bright streak restiug against the foot of 
the terrace (lowest) of the inner N.E. wall.” 

The streaks X and /y, discovered this evening, have been observed only 
by Air. (Uedhill; it is probable that tliey are too faint to be seen with 
smaller apeiHures than 9 inclies; they have been seen occasionally between 
January 15, 1870, and Aiarcli 0, 1871. 

August 20. — See (tntt\ p. 253. 

1870, November 0. — Mr. (Uedhill recorded the floor as dark, =0*00; 
streaks very bright. Air. Hlger says of them, “ all faint and difficult to trace, 
those on the east side of th(‘ floor especially.” 

^iimmar}/. — Sun’s altitude 30*^ 17'*5 to 37° 57'*8 ; tint of floor 0*02, esti- 
mated from (‘iirve. Streaks generally visible — the sector, east and middle 
arms of trident, and tho N.K. streaks a, /3, y, and tj ; the whole variable in 
brilliancy. On January 15 and Alay 13, 1870, more streaks were seen than 
usual, especially on Alay 13. 

Interval 114 to 150 hours. 

1S71, Alareh 5. — Air. Eiger described the markings as all faint. 

1800, July 22. — Air. (jledhill could see nothing on the floor, which he re- 
corded as very dark. 

1870, August 10. — Air. Neison recorded the floor as medium, =0*50, and 
Air. (Uedhill recorded it dark, =0*00 ; lie described the streaks as bright, 
and 7 } not far from the border, as usual. 

18()1), December 17. — Air. (Uedhill recorded tho floor as dark, =0*00 : he 
described the sector as bright, and streak a as very bright ; /I and y as bright, 

e, and ^ less bright, lint not equally .so ; rj the faintest, but bright near 
the border of Plato. Air. (Uedhill describes a luminous broad patch, which, 
starting from the inner border of Plato, about P. & AI.'s object e [the most 
northern peak on the west border ], joins the streak a ; it also sends off a 
luminous streak to Tho luminous patch is hrighest and broadest near the 
foot of the inner slope. [The broad patch is most probably Webb’s elbow, 
and tho streak to ^ is e. — W. P. P.J 

1870, October 8. — Air. Eiger recorded the markings as generally faint, 
except n, Webb’s elbow, and c. /3 and y were much brighter than rj ; tho 
trident faint. 

Summavg . — Sim’s altitude 37° 57'*8 to 3lP 0'*2 ; tint of floor 0*04, esti- 
mated from* curve. Streaks generally visible — sector, trident, and N.K. streaks ; 
they alternated in brightness. 
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Interval 156 to 168 hours. 

1870, May 14. — Mr. Eiger recorded the markings all faint; a and Webb’s 
elbow well seen. At the point of junction of a, c, and i (qy. position of spot 
1^0. 19) the floor was very bright. Mr. Gledhill on the same evening re- 
corded the floor as dark, =0*66. Streaks bright, sector and a the brightest ; 
elbow well seen ; \ and ^ were not seen. 

1869, August 21.— See ante, p. 253. 

1870, December 7. — Mr. Eiger recorded all the markings as faint, except 
K andp. Mr. Gledhill recorded the floor as dark, = 0*66. 

1870, September 9. — Mr. Eiger recorded rj and /3 as very faint. 

1869, October 19. — Mr. Gledhill recorded the floor as dark as the south 
part of Grimaldi; it is registered as =0-70. Mr. Gledhill furnished the 
annexed sketch of the streaks «, /3, 17, 
and y, with the sector, unaccompanied 
by any remarks ; it would appear from 
this that the whole of the S.W. part of 
the floor was in some way obscured (see 
pp. 255 to 262). Mr. Pratt’s remarks on 
the same evening confirm this idea ; ho 
says, Trident near spot No. 1 invisible, 
only the ends of the arms detected with 
difficulty.^’ He also specifies the posi- 
tions of the dark localities on the floor : 

darkest near m, i. e. the mountain on 
the north border.” [It was this locality 
which in May 1870 was noticed to bo very light, seopp. 273 and 277.] The 
next darkest area was closely S.W. of 13. and M.’s rock next above it, 
S.W. of spot No. 1, and the lightest of the dark spaces N.W. of the rock 4. 
We have here four areas characterized by a darker tint, the floor itself being 
registered as more than ordinarily dark, one of the darker spaces being 
accompanied by an obliteration of nearly the whole of the trident. The 
localities of the darker areas are shown on the annexed engraving, containing 
Mr. Gledhill’s streaks. 

Summarij, — Sun’s altitude 39° 9'’2 to 39° 50'-5 ; tint of floor 0-65, as 
estimated from curve. Streaks generally visible — the sector, east and middle 
arms of trident, also the N.E. streaks o, /3, y ; 17 not so frequent. 

Interval 168 hours to meridian passage. 

1870, April 15. — Mr. Gledhill recorded the floor as dark, ==0*66. Of the 
streaks seen, the sector and a and /? are described as very bright. The same 
evening Mr. Eiger described the sector and y as the brightest markings on 
the floor; 17, /3, and trident very faint. The projecting arm (registered as c, 
see ante, p. 286) observed on the 14th appeared brighter this evening, and 
extended further towards the west arm of trident, which it almost touched 
(compare with Mr. Gledhill’s sketch on January 15, 1870, ante, p. 286) ; its 
direction formed an obtuse angle with the direction of the west arm and with 
the streak a ; the streak “ o ” absent. 

1871, March 6. — Mr. GledhiU recorded the floor as dark, =0*66. The 
streaks and sector bright and well seen, the two fainter streaks A and fx in- 
cluded. These streaks have been seen on seven occasions before meridian 
passage. 

1870, June 13. — Mr. Gledhill recorded the floor as dark, = 0*66; the 
streaks and spots bright, but not well seen. Mr. Gledhill has the following 



Plato, October 19, 1809.— Gledhill. 
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remark : — ‘‘ The effect of a low power on f and e (the east and middle arms 
of trident) is 'to show their southern extremities as bright hazy spots, and to 
hide their character as lines of light ; a higher power shows the whole line as 
a nearly (or quite) uniformly bright streak.^' 

Under this interval and date I have the following memorandum : — “It is 
a little remarkable that the streaks ft, ri, and, still later, y should exhibit 
such variations as to accord with a decrease of brightness, becoming lost to 
Mr. Eiger, but still lingering in the Halifax refractor. With regard to the 
tint of the floor, observation has established that it becomes darker under a 
high sun. Three liypotheses maybe suggested in explanation : — First, Will 
the heating of a bare surface produce a darkening of that surface ? Second, 
Increase of angle of illumination, we know, occasions a darkening of the 
vegetable covering of the earth : is it so with the moon ? Third, Can there 
exist within the mountainous enclosure of Plato absorptive clouds the results 
of vaporization by long-continued sunshine 

1869, July — Mr. Gledhill recorded the sector as fairly well defined. 

1870, August 11. — ^[r. Eiger described the markings on the east side of 
the floor r; and ft as very faint ; the sector and y were not so faint ; the three 
arms of the trident, c, and e, were plain ; a, with Webb’s elbow, were seen, 
as in April and May last, very distinct. The drawing gives the elbow and 
the part of e as forming a sharp angle with a. 

Fig. 19. 


Fig. 18. 




1869, September 20, — Mr. Gledhill recorded the floor as dark,= 0-66, not 
quite so dark as the south part of Grimaldi ; the sector easily seen. Same 
evening Mr. Eiger registered the N. boundary of the sector as extending 
from spot No. 4, just past No. 7, to the east border. This appears to have 
been an extension of the sector, including the streak y. For Mr. Eiger’s 
drawing of this day, see history of streak a, p. 263, and for remarks, see 
ante, p. 262. 

1870, October 9. — Mr. Eiger recorded the sector as plain, rj faint, trident 
faint. “ I again suspect,” says Mr. Eiger, “ the connexion between the 
eastern and central arms of the trident observed by Mr, Pratt.” Mr. Eiger 
gives a sketch of a and Webb’s elbow, with c in a line with the elbow, join- 
ing e, the west arm of the trident. The streak c, from Webb’s elbow to the 
west arm of trident, is curved, the concavity towards the west border (see In- 
terval 168 to 156 hours, post, p. 291). Nothing appeared to occupy the area 
between the border and streak except the plain floor; the streak “o” en- 
tirely absent. See intervals 132 to 144 hours, and 168 to meridian, ante, 
pp. 285, 288). 

Summary. — Sun’s altitude 39^ 50’*5 to 40® 0'*0 ; tint of floor 0*66, 
estimated from curve. Streaks generally visible — the sector, the middle 
arm of trident most frequent, the eastern arm next, and the western arm 

1872. X 
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but seldom ; the streak a more frequent than y, /3, or i;. Most of the ob- 
servations during this interval have shown the N.W. part of the floor in 
proximity with the border as destitute of streaks. 

Interval meridian passage to 168 hours. 

1870, March 17. — Mr. Gledhill recorded the floor as dark, = 0*66 ; he de- 
scribed the sector and streak a as easy objects, bad as was the night ; the 
southern streaks were faintest, a and the sector brightest, then came tj, y, (3. 

1870, July 13. — Mr. Gledhill recorded the floor as dark,=:= 0*66 ; streaks 
very bright. 

1870, September 10. — Mr. Eiger recorded the sector and trident (three 
arms, f, e, e) as very distinct, scarcely discernible, and (3 brightest near 
the rim. 

Summary, — Sun’s altitude 40° 0'*0 to 39° 50'*5; tint of floor 0*67 to 
0*66. Streaks generally visible — the sector and the east and middle arms of 
trident ; the N.E. streaks less frequent. 

Interval 168 to 156 hours. 

1870, April 16. — Mr. Gledhill recorded the floor as dark, =0*66 ; the streak 
a is described as bright and sharp. The same evening Mr. Eiger writes : — 
“ The markings appeared as on the previous night, with the exception of the 
projection from Webb’s elbow (c), which I could not see.” This is note- 
worthy, as on the 14th and 15th it was evidently increasing, now it seems to 
have suddenly disappeared ; it does not appear to have been observed by Mr. 
Gledhill. 

1871, January 7. — ^Mr. Eiger recorded the markings all plain. The curved 
marking on the JJ^.W. side of floor appeared exactly as shown in the ‘ Student,’ 
April 1870, p. 161 ; the elbow i was distinctly seen. The new marking p 
was also well seen ; spots IsTos. 5 and 17 were connected by it : at times y 
seemed to be a prolongation of it ; it could not be traced through the sector. 

The observation by Mr. Eiger of k and c with Webb’s elbow, being exactly 
as given in the ‘ Student,’ is interesting, especially as contrasted with the 
observations, also by Mr. Eiger, of the prolongation of the elbow at a sharp 
angle with a (see ante, pp. 284, 289), from which it may be inferred that the 
streak is variable in position ; and this gives further countenance to the con- 
clusion that the N.W. portion of the floor is the most variable. 

1870, August 12. — Mr. Pratt recorded the floor as very darJc, Mr. Neison 
recorded it as dark. Mr. Pratt says : — “ In moments of best definition the area 
comprised between spots Nos. 19, 1, and 4 and the northern and north-east 
rim was not nearly so well displayed as the rest of the fioor, giving a strong 
impression of an obscuring medium existing there. The dark parts of the 
floor were darker near the rim.” 

1869, December 19. — Mr. Gledhill recorded the floor as dark, s= 0*66 ; the 
sector very bright, and, after spot No. 1, the most striking object ; a bright, 
3, €, f less bright ; the prolongation of the sector to spot No. 4 fairly seen. 

1869, September 21. — Mr. Gledhill recorded the floor as not so dark as the 
extreme south part of the floor of Grimaldi. Of streak e he says, ‘‘ Spots 
Nos. 13, 19, and 16 are well seen, a streak of light connects them ; it is a 
thick, dense streak, not faint and diffuse.” The sector he describes as 
“ bright, permanent.” 

1869, November 19. — Mr. Gledhill recorded the floor as dark, = 0‘66. In 
addition he gave the following remarks : — ‘‘ The sector bright and well de- 
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fined ; as usual, of all the streaks a is always brightest ; /3 is one of the 
brightest, but less so than a ; y is similar ; ij is bright and mostly well seen ; 
f , €, and 6 fire always the fiiinicst and broadest ; e and f are almost always 
seen, S not always ; that portion of « which lies to tlio west of spot No. 10 is 
not always seen [this answers either to “ o ” or c], Mr. Gledhill described 
and figured a short streak from the N.W. border very bright. On tliis I 
remark : — “ The elbow of light tint described by the Rev. T. W. Webb as seen 
by him on Oct. 24, 1855 (sec monogram of the Maro Serenitatis, p. 13), was 
well seen (and very bright) by ^Ir. (Tledhill, 1809, Nov. 19, moon's latitude 
4° 10' + S. On the 10th the moon’s latitude, was more favourable for 
seeing it ; but it docs not appear, from Mr. Glodhiirs observations, that it 
was then visible.” See Mr. Gledhill’s remarks on the streaks y, /3, and rj, 
ante, p. 283. 

It would appear that, so far as the streaks are concerned, the N.W. part of 
the floor exhibits the greatest amount of variation. Looking at Mr. Gled- 
hill’s diagram of November 19, and taking into consideration the general 
structure of the floor, we have in the S.W. the arms of the trident radiating 
from spot No. 1 ; in the S.E., the sector fan-shaped, the sides radiating from 
spot No. 4; in the N.E., /3 specified by Mr. Gledhill jis one of the brightest 
streaks from spot No. 3, and a, /3, rj, and y more or less parallel. Now 
bearing in mind that Plato has suffered dislocation from a fault from N.W. 
to S.E., that spot No. 1 is opened ui)on the highest part of the floor, and that 
spots Nos. 3 and 4 occur on the N.E. slope from the fault, it is not a little 
significant that the directions of the streaks are from higher to lower ground. 
Mr. Pratt suggests that the light-streaks arc coincident uith formations 
analogous to “ spurs ” from the chief centres of the residual activity on the 
floor (see Report Brit. Assoc. 1871 , p. 95). 

]8f)9, November 19. — On this evening Mr. Gledhill observed the streak a 
and its continuation “ o ; he also saw, forking from the locality of spot 
No. 1(), the curved streak c, convex to the west border (see ante, pp. 2()3, 
2f)4, 285, 280). On contrasting Mr. Eiger’s and ^fr. (iledhilFs sketches of 
8e])t. 20 and 25 respectively with Mr. Gledhiirs of Nov. 15 and 10, and es]>e- 
cially of Nov. 19, the oxistenee of e and “ o” as separate streaks is undeniable. 
On Sept. 20 and 25 “ o ” was distinctly recorded by two inde]>eiident observers ; 
it was also recorded on Oet. 25, 2(>, and 27 by ^Ir. Gledhill. On Nov. 15 it 
was not seen by Mr. Gledhill, nor on the Iflth, the streak e i)assing over and 
beyond spot No. 13. On Nov. 19 there was a groat develo])ment of light- 
streaks, the N.W. part of the floor exhibiting the curved streak r, with “o” 
and a and Webb’s elbow in contact with the N.W. border. !Mr. Pratt recorded 
the N.W. streak making a contact with the N.W. border, near spot No. 10, 
on Nov. 15. 

1870, October 10. — ^fr. K Igor recorded y and /3 as plain, ?; faint; the con- 
nexion by^) between the centre (e) and eastern (i) arms of trident seen. 
Trident and markings on N.W. side of floor as on the 9th of October. Spot 
No. 5 is recorded as seen on the east edge of the cast arm of trident (see 
ante, pp. 254 and 275). ^lessrs. Pratt and Neison recorded the floor as 
** mcdiiini,” and Mr. Gledhill recorded it as “ very dark.” The lighter tint, 
as seen by Messrs. Pratt and Neison, is exceptional. Mr. Gledhill mentioned 
that the sector was comjmscd of bright lines radiating from the apex to the 
base (see ante, p. 285). Mr. Eiger witnessed a similar appearance on April 14, 
1 870. (Interval 132 to 144 hours.) 

Summary. — Sun’s altitude 39° 5l)'*5 to 39° 9'*2 ; tint of floor 0*66 to 0*65. 
Streaks generally visiblc-*-the sector, e.ist and middle arms of trident, with 

X 2 
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the northern bifurcation of the western arm the and N.E. streaks 
except I3, which is less frequent. 

Interval 156 to 144 hours. 

1870, July 14. — Mr. Gledhill recorded the floor as dark = ,0'00. The 
sector and streaks seen were dense and bright ; the streak was seen near 
the border; a had a condensed brightness in the middle ; the south ends of the 
south streaks ^ and e were brightest. With powers 150 and 115 the sector 
appeared to bo condensed at the apex. On the same night (July 14) Mr. 
Ingall speaks of the floor being, at times of fine definition, covered with spots 
of light. I have registered it as very light, = 0-00 ; it must, however, bo 
considered as exceptional, the floor being dark under a high sun. This extra- 
ordinary spottiness of the floor appears to bo of the same nature as the ap- 
pearances of the Mare Crisium, related in Webb’s * Celestial Objects,^ third edit., 
pp.82 it 83. Mr.Tngall gives the distribution of the markings as follows : — 
First. A. large white cloud stretching half round the crater-floor from spot 
No. 14 to spot No. 3. Tliis white cloud occupies the position of the middle 
and the cast arms of the trident and that of the sector, with its extension to 
spot No. 3, the sector and the two arms of the trident being connected. It 
is remarkable that this cloud is entirely separated from the border ; and, so 
far as the sector is concerned, we have a similar observation by Mr. Eiger on 
May 13, 187t). (8eo Interval 132 to 144, p. 286.) Second. A detached 
fainter cloud on the N.W. part of the floor, which occupies precisely the posi- 
tion of the curved streak o, with its convexity towards the border ; it incloses 
spot No. 16. Third. A small detached mist on the S.W. part of the floor, 
which occupies the position of Gledliill’s streak 0, Fourth. A curious brush 
of light adjoining the N.W. border (Webb’s elbow), much brighter near the 
wall. The difference between Mr. Gledhiirs and Mr. Ingall’s observations, 
particularly as regards the absence of streaks near the border, exce])t Webb’s 
elbow, which characterizes Mr. IngalFs, is doubtless due to the difference of 
apertures. The elbow appears to have ]>ecii seen well in both instruments. 

1866, August 23. — Sec ante, p. 253. 

1870, November 9. — Mr. Eiger recorded the markings as faint, except the 
sector and y ; the latter is described as unusually^ bright. 

1869, October 21. — Mr. Gledhill described the streaks a, /I, rjy and y as 
seen on the 19th, but brighter ; ho also described the apex of the light- 
sector as reaching to about spot No. 3 ; he has, further, this remark : — On 
the S.W. rim of Plato, near or at the foot of the inner slope, are three bright 
foci; from these the three great bright streaks on the floor proceed, — (1) a 
line from the uppermost, on the S. border, jmoduced to N.E., cuts spots Nos. I 
and 3 [this must be the streak € |; (2) a line from the next lower produced 
passes just S. of spot No. 3 | this is GledhilPs ; (3) a line from the lowest, 
towards the N.W., cuts the E. border of Plato just below or N. of II E^^^. I 
could not trace the streaks well which proceeded from these foci. On the same 
evening, with the Hoyal Astronomical Society’s Sheepshank’s telescope No. 5, 
aperture 2*75 incheKS, power 100, I observed Plato and found the floor very 
ill-defined, the sector the only light marking visible; it was brightest towards 
the S.E. border. Definition, Earth’s atmosphere ‘ very bad, much boiling and 
fluttering.’ The definition on the moon was very irregular ; Plato was very 
difficult to observe, while the markings around Copernicus and Kepler were 
admirably seen. I determined the following tints ; — the surface around Kepler 
= 6^*0 ; Plato, the S.E. part of sector, =4°*8; Mare Imbrium, S. of Plato, 
= 4°-4 ; Mare Imbrium, between the Mountain Chajorra and Straiglit chain, 
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=3^'6 ; Plato, the W. part of floor, = J^-6 ; Grimaldi, S. part of floor, ==0‘^ 0. 
These determinations exhibit increase of brightness with increase of num- 
bers — Grimaldi the darkest, surface around Kepler the brighest. My estimate 
of the tint of the floor of Plato, on the scale adopted for comparison with 
the sun’s altitude, w^as or dark ; this is about a degree brighter than 

the S. part of the floor of Grimaldi/’ 

1870, 8(‘ptembcr 11. — The markings, as obser\"ed by Mr. Eiger, were all 
indistinct. 

/Summary, — Sun’s altitude 30° 1)^*2 to 3r°57'-8; tint of floor 0*65 to 
0-64. Streaks generally visible —the middle arm of trident, sector, and y 
the most frequent ; the cast arm of trident and the K.E. streaks less 
frequent. 

Interval 144 to 132 hours. 

1870, April 17. — Mr. Glcdhill recorded the floor as dark, =0-6G, and the 
N. streaks as brightest; as bright as the sector, and y, 7/ seen only at the 
foot of the slop(‘. 

J8fl0, May 27. — Mr. Glcdhill records the sector as ill-defined below. 

1S71, Jaimaiy 8.- -Mr. Glcdhill d<‘seribed strt'aks as having been well 
seen ; one, not named, as very sharply deflned, blight, narrow, and struiglit. 
This 1 apjirehend to be «, as ^Mr. Glcdhill generally describes it as such. 

December 2<). — Mr. Glcdhill reei»rded the floor as dark, =0-6G. 
Streak seen (bright); sector a fine striking object. On the same evening 
IMr. Pratt recorded the markings as pinailiarly indistinct, from which he 
eoiisidered the apparent ditferenee ot form which he observed to arise. 
The trident near spot No. 1 was shaded oil*. The greatest peculiarity shown 
by Mr. Pratt in his diagram is a bifurcation in the lU'ighbonrhoud of streak /j, 
or rather two streaks from s])ot No. 3 in.stcad of one. Mr. Plger on tlio 
same evening showed one only, very narrow, and remarked the portion 
of the floor between ^3 and ij to he very dark. ^Ir. Eiger furtlier said, ‘‘a 
remarkable feature observed was the .strip ot light (streak y), uhieh during 
the whole evening w as by far tlie brightest marking on the floor.*’ Tliis 
streak is not recordoil hv Mr. Gledliill, 'who noticed the sector as being the 
most striking object. Mr. Eiger saw a ])arl of c and Webb's elbow’ i, which 
he described as the brightest on this pait of the floor. 

1870, August 13.- - On tliis eviiiing tlie floor was n'corded as *• dark” by 
three observers, Mr. Pratt, Mr. (dedhill, and Mr. Keisoii. Mr. Pratt re- 
marked; — “ On this evening, tis ivt// as 1^7th Auy. 12, the tint of the dark 
portions of the floor was mneh intensilied close to tin' rim ; it was the ease 
all nnual^ hut especially so betw een h and hetw’eeii e and and between 
/3 and »/.” ^Ir. Gledliill ohsei \ ed the streaks to be very briglit ; they appeared 
to stand out in lolief. (’om])arc 'with Mr. Pratt’s suggestion (1870, October 
17) of the light-streaks being aiialogons to spurs (Ke})ort, 1871, p. 03). 

1870, October 1 1. — Mr. Eiger recorded the streak 1 ] as very faint. 

ISuuimanj.— altitude 37"^ 37 *8 to 3t>'‘' 17'*r); tint of floor 0‘G4 to 

0*G2. Streaks generally visible- - the sector much mort' frccjueiit than the 
others; next in order cast arm ot trident, y, />, and n. The A’.W. streak and 
middle arm of trident loss frequent, the others rarely seen. 

Interval 132 to 120 hours. 

1870, March 10. — Mr. Gledliill recorded the floor as dark, ==0*6G ; he de- 
scribed the sector and « as very bright, the brightest on the floor. 

1870, November 10.— Mr. Eiger described the markings as better seen 
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on this evening than on any other during the lunation. Webb^s elbow and 
c well seen. 

Summary , — Sun’s altitude 36° 17'*5 to 34° ll'*5 ; tint of floor 0*62 to 
0-60. Streaks generally visible — the sector, trident, and N.E. streaks. 

Interval 120 to 108 hours. 

1871, January 9. — Mr. Gledhill’s remarks are the same as on January 8, 
under interval J 44 to 132 hours. See ante^ p, 293. 

1869, December 21. — Mr. Gledhill recorded the floor as dark, =0*66. 
Streaks all fairly seen, except ^ and r). [I suppose by all Mr. Gledhill means 
those which he has lately seen ; I have accordingly recorded a, e, and y.] 
Mr. Gledhill mentioned none as bright except a and the sector, and they 
were not bright and clear as usual ; a was perhaps the brightest. A bright 
brush of light was seen near B. & M.’s I on the border, which appeared to 
merge into a and 3. A line through spots Nos. 17 and 1, produced to the 
N.W. border, cut the border just above or to the south of the brush, which is 
Webb’s elbow i. The brightest portion of the border is described as that to 
the north of the streak «, the east end of the bright part of the border being 
much the brightest. A diameter at right angles to the longitudinal diameter 
of Plato passing through spot No 1 would cut the east and biightest ex- 
tremity. Mr. Gledhill adds, “ It seems a long narrow basin.’’ 

Summary. — Sun’s altitude 34° ll'*5 to 31° 42'*7 ; tint of floor 0*60 to 
0*57. Streaks generally visible — middle and eastern arm of trident, sector, 
y and a ; others loss frecpient. 

Interval 108 to 96 hours. 

1871, February 8. — Mr. Pratt described the streaks as ill-deflncd, except 
ly which was very fairly seen and much blighter than any part of the trident. 

1870, July 16. — Mr. Gledhill recorded the floor as medium, =0*50; he 
described all the streaks as bright, except X and which were faint, a, /3, 
y, €, f were all well seen : r] was seen near the border, and a had a 
condensed central portion ; the south streaks (f, e) were brightest at their 
southern ends. Mr. Gledhill does not mention the sector ; but it is very 
probable that he saw it, by his recording all as bright. 

1869, August 25. — Mr. Gledlull recorded the sector as “ very faint” at 
11 hours; at 13.30 he recorded it as fine.” 

1870, September 13. — ]Mr. Gledhill recorded the floor as dark, =0*66. 
The streaks were very bright and well seen. Mr. Gledhill measured the 
positions of streaks e, h, and a with the sector (see Report Brit. Assoc. 
1871, p. 66). 

/S'uuimary.— Sun’s altitude 31° 42'*7 to 28° 54'*3. Tint of floor 0*57 to 
0*54. Streaks generally visible — the sector most frequent, three arms of 
trident ; N.E. streaks much less frequent. 

Interval 96 to 84 hours. 

1869, December 22. — Mr. Gledhill recorded the floor as dark, =0*66. 
Streaks all faint ; « the brightest ; and y diflicult ; e, and sector 
fairly seen, but faint. The brightest part of the inner wall was north of 
streak a, as well as all the west border. Shadows were already under the 
east border. Time 12 hours. At 12.30 Mr. Gledliill recorded the part of 
the inner north wall of Plato, from which the brush of light proceeded, as 
much less bright than the adjacent portions east and west. 

1870, August 15. — Mr. Pratt recorded the floor as dark, =0*66, but 
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paling ; tho darker margins of tlie shaded parts of the floor were still visible 
as on the 12th and 13th, but not in such striking contrast. 

1870, October 13. — 3klr. Pratt remarked that all the objects on the floor 
appeared fainter than usual. This, which especially applies to the light- 
streaks, which were very well defined at their edges, is remarkable when so 
many spots are detected as on that evening. 

Summary, — Sun’s altitude 28^ 54'*3 to 25^ 49''0 ; tint of floor 0*54 to 
0 52. Streaks generally visible — the sector principally, the others but seldom, 
especially the N.E. streaks. 

Intcrvid 84 to 72 hours. 

1809, August 20. — Mr. Gledhill recorded the sector as very faint. 8co 
ante, p. 254. 

1870, September 14. — ^Ir. Gledhill recorded the floor as medium or light, 
=0*42; streaks faint, but well seen. Mr. Neison recorded the floor as mo- 
derately dark, =0*58, moan 0*50, or medium. 

Summary. — Sun’s altitude 25^^ 49'*5 to 22° 3P*3 ; tint of floor 0*52 to 
0*40. Streaks generally visible — sector and eastern and middle arm of tho 
trident. 

Interval 72 to 00 hours. 

1809, July 28. — Mr. Gledhill recorded the sector as faint and diffuse. 

1870, August 1(3. — ^Ir. Pratt recorded the floor as medium, =0*50, and 
much paler than on the 1 3th (see ante, p. 293, interval 144 to 132 hours). 
The darker parts of the shaded portions of the floor were but just perceptible 
with attention. 

1809, September 25. — Mr. Gledhill described the tint of the floor as ‘‘not 
much deeper than that of the Marc Imbrium.” Ho appears to have seen 
streaks c [“ a strong streak of light connecting the spots Xos. 10, 19, and 13, 
which were not seen ^’J, k- [ “ a diffuse streak of light runs east from spot 
No. 3 parallel to that crater along spots 10, 19, 13 ”], and the connexion of 
K with the sector a streak is seen from spot No. 4 to spot No. 3, as if a 
continuation of the sector ”]. On those 1 have the following remark : — “ c from 
the S.W. of spot No. 13 (not seen) to 11 on the cast border made out 
in separate streaks.” The continuous direction of these streaks forming one 
white line was seen by Mr. Pratt on August 1 7, 23, 2G, and 28 (see pp. 252- 
254). Mr. Gledhill described the three arras of the trident as follows ; — 
“ [ej A rectangular luminous patch stretches from the south rim of Plato to 
spot No. 1 4, embracing it and passing on till nearly in a line with spot 
No 1, at which point a luminous streak [cj shooting from the rim and em- 
bracing spot No 22 meets it. This latter streak seemed to become a mere 
line as it approached the streak e.” The S.E. arm | is described as “an 
irregular rectangular patch of light running from the south rim to spot No. 1 
nearly.'’ It does not appear that Mr. Gledhill observed tho junciion of tho 
three arms. The N.W. arm [ ^] is described as “ very bright, the brightest, 
the greatest brightness being close to the rim of Plato.” The central arm 
|f] is desciibed as “ less bright,” and tho 8,E. arm [;] as “ still fainter.” 
The apex of the sector is described as beyond spot No 4, distinctly enough 
extending to the streak /3 running from spot No. 3 to rim. The following 
note is appended by Mr. Gledhill : I could not see the limits of the three 

arms of the trident as they approached the centre.” From his sketch Mr, 
Gledhill appears to have seen the streak “o” and its continuation a, his 
delineation being almost idcntie<d with Mr. Eiger’s of September 20. It is 
not at all improbable that a change had occurred in the N.W. part of the 
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floor, c and k* being much fainter and the western part of c obliterated, even 
in the larger aperture of the Halifax refractor, as compared 'yvith the seeings 
and drawings of Mr. Pratt in August 1809 ; the change consisted in the 
fading of k and c and the intensification of a and o.’’ 

Por Mr. Gledhill’s drawing see ante, p. 203. 

1870, October 14. — Messrs. Glcdhill and Pratt both recorded the floor as 
medium, =0-30. Mr. Pratt remarked that the streaks were difficult, con- 
sidering the number of spots that were visible. 

Summary. — 8uiPs altitude 22° 3 1 '*3 to 19° 2''0 ; tint of floor 0'40 to 
0*45. Streak generally visible, the sector. 

Interval 60 to 48 hours. 

1869, August 27. — See ante, p. 254. 

1869, October 25. — Mr. Glcdhill recorded the floor as light, =0*33, the 
sector as “ very faint, and differing but little in brightness from the floor to 
the east of it; its base was bounded by three craters, Nos. 26, 27, and 28, 
on the inner slope of Plato; its a])ex extended beyond spot No 4, aijd it cut 
streak /3 a little east of s 2 )ot No. 3 : the streak y is described as bright, sharp, 
and narrow. 

Sumymiry. — Sun’s altitude 19° 2'*0 to 15° 23'*3 ; tint of floor 0*45 to 
0*42 ; the streak most frequent. 

Interval 48 to 36 hours. 

1869, December 24. — Mr. Gledhill recorded the floor as light, =0*33 ; the 
sector as large and diffuse, scarcely brighter than the adjacent floor ; outline 
not sharp. The streaks e, about as faint as the sector ; /I, and y not 
fairly seen ; all are faint. All along the nortli border of the ])ointcd shadow 
from 13. & M.’s f !^[r. Gledhill saw a fringe of liglit (see Interval 24 to 36 
hours, 1869, Dec. 12, anie,i[). 275; also ((notation, Eiger's Observation 1871, 
Nov. 20, post, p. 299), i. e, the floor adjacent to the north edge of this shadow 
was quite bright up to the foot of the border of Plato, a appeared brighter 
than any other streak. 

1870, August 17.— Mr. Gledhill recorded the floor as rather briglit, regis- 
tered at 0*40: streaks faint; o was the brightest, but it was neither dense 
nor broad, nor could it be said to be really bright ; the others were fainter 
than it. The sector had ill-defined edges. 

Summary . — Hun’s altitude 15° 23'*3 to 11° 38'*2 ; tint of floor 0*42 to 0*39. 
Streaks generally visible — sector and eastern arm of trident, others not so 
frequent ; all recorded as faint. 

Interval 36 to 24 hours. 

1870, March 23. — Mr. Gledhill recorded the floor as medium, =0*50. He 
described the sector and « as easily, but not well, seen ; re was diffuse, and ex- 
tended up to the north border [in December the brightness near the border 
subsided after interval 60 to 72 hours, see ante, p. 268 J : c, ^ seen with some 
difficulty ; they were much fainter than a and the sector. The shadow of B. 
and M.’s ^ was on the floor, and the adjacent floor to the N.W. was very 
hright, much brighter than a or the sector. The bright space was directed 
to spot No. 4, and it extended one third of the distance from the border to 
No. 4. Mr. Gledhill could not determine its shape ; but it appeared to him as 
an intensified form of the streak j), and was the most striking object on the floor. 

1870, July 19. — Mr. Gledhill recorded the floor as bright, =0*33. The 
streaks but little brighter than the floor ; none were striking objects. 

1869, August 28. — See ante, p. 254. 
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1870, November 14. — Mr. Pratt at 10 hours recorded as follows: — 
“Definition very bad; a large area of the floor to the S.E. shaded off deli- 
cately, aa of a slightly lower level. Tint of unshaded part a little darker 
than the surrounding Mare, that of the shaded portion as dark again. The out- 
line of the shaded part conforms roughly with that area of the floor adjoining 
the inner edges of streaks h and i:.” [Mr. Pratt has furnished a sketch, dated 
1870, November 15, 11.50, which 1 apprehend from his letter, combined with 
the date of his observation, sliould be November 14, and that the S.E. part 
of the floor should be S.AV". ; with these corrections tlie sketch and observa- 
tions agree.] Mr. Pratt’s record proceeds thus : — “ These observations have 
much confirmed in my own mind some previous ideas, faintly shaped by 
former views, that the light-streaks are merely parts of the lloor relatively 
raised and perhaps more rugged and broken (hence one ceuse for their con- 
trast in tint witli the rest of the floor), and that the spots are, especially several 
of them, raised : i)erha])s they are the centre points of the latest activity, which 
also possibly })ro(luced the streaks by raising them above the level. AVas it 
by successive dep(;sits t»f ejected material? One would have expected a lava- 
like deposit after reading Piaz/.i iSinyth's ‘Tcnerifie.’ ” [The contrast of colour 
is a most inijKjrtant study, which may bt‘ greatly advanced by continuous 
observations of the variations in intensity of two or more neighbouring spots.] 
On the same evening, Ncjvember 14, Mr. Clledhill recorded tlie floor as light, 
and the streaks ns very faint. Air. (Jlcdhill noticed that the floor 
was separated into a lighter ami darker portion, the liiu* of scjparation con- 
sisting of the west ( dgo of the sector produced to meet tlie nortli border. The 
floor to the east of this lino is bright, and to the west darker. [This line 
would be nearly in the direction of the fault in the lu iglibourbood of which 
the surface is raised, and the difference of tint is most likely produced by the 
oblicpiity of the sun’s rays. | Air. Pratt’s sketch is in perfect accordance with 
Air. (iledhill’s observations. 

18(fl), October ll(i. Mr. (lledhill record(‘d the floor as bright, =:0-l53. The 
spots, except No. 1, w<‘re not roadil> seen ; the sector and streaks were faint. 

Nnau/nnv/.— Sun's altitude 11^ 88'-2 to 7*^ ; tint of floor 0*39 to 

O'JiO. 

Interval 24 to 12 hours. 

ISGO, September 27. — Air. Uledhill recorded the floor as not so dark as the 
Sinus Lridum, nor so liglit as that of Archimedes; it is registered as light, =:0*33. 
Air. Uledhill de.scribed the streak c as a broad baud of briglitness, width 
about one third the dislanee from tlio north rim to si»ot No. 1, enclosing 
spots Nos. 13, 19, and KJ ; the stieak /I he described as a faint belt from 
spot No. 3 to the east edge of J*lato. I'he limits of both bands were very 
indefinite. 

Summary. — Sun's altitude 7^ 48'*! to 3° 54'*8; tint of floor 0*36 to 0*33. 

Interval 12 to 0 hours. 

1869, October 27.-- Air. Uledliill recorded the sector as very faint and 
indefinite ; the streaks all very faint indeed, yet all seen at best moments, 
Floor registered as light, =0*33. 

1870, November 15. — Air. Uledhill recorded the floor as light, =0*33, but 
consisting of two parts, the eastern light and the western dark. Mr. Pratt’s 
observations, 1869, August 28, interval 3() to 24 hours, Avero similar in cha- 
racter. See lleport Brit. Assoc. 1871, p. 86. 

Summary.— Sun’s altitude 3° 54 *8 to 0° 0 ; tint of floor 0*33 to 0’30, 
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Interval 0 to 12 hours. 

(Near the summer solstice.) 

In the Keport for 1871 (see Keport Brit. Assoc. 1871, pp. 94, 95) a de- 
scription of sunset, as observed by Mr. Pratt, is inserted. Mr. Pratt’s 
letter was accompanied by a drawing, a copy of which is given below. 

Fig. 20. 



1870, Oct. 17, 11 to 12**. Sunset observed by Mr. Pratt. 

APPENDIX. 

Although the epochs of the following observations are not within the 
period embraced in the foregoing discussion, they bear so intimately upon 
the results that a notice of them may not bo inappropriate. 

On November 20, 1871, I observed sunrise on Plato with the Royal 
Astronomical Society’s Sheepshank’s No. 5 telescope, aperture 2*75 inches, 
power 100. At 6.50, Greenwich mean time, I made the following record : — 
“ The appearance of Plato, examined at intervals of a few minutes since 4.35, 
has been very curious to-night. I have been unable to divest myself of the 
impression that a kind of sparkling or agitation played over the dark floor 
deep in shadow. This appearance has latterly greatly increased, and now 
there are two well-marked regions (but by no means distinct streaks of sun- 
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light) north and south on the floor ; they are parallel, and are separated by 
a darker region of an intensity equal to the west part of the floor, which ex- 
tends over about one third of the longest diameter.’’ At 6.0 the record runs 
thus : — There is no doubt of the northern streak of sunlight existing on the 
floor, and traces of the southern streak are becoming apparent. Not the 
slightest appearance of the streak seen by Bianchini (see Report Brit. Assoc. 
1871 , p. 73) has been observed. 6.20. The northern and southern streaks of 
sunlight are both decided ; their western extremities lie upon the line of fault 
from N.W. to S.E. The long shadow of the peak 5 is now seen ; it aligns 
with the north part of II a^d the rock or rather the inlet between 
them and the bases of the first group of mountains of the Alps west of Pluto. 
6-30. The light of the northern streak is the most intense, although both are 
faint. 6.45. The southern streak of sunlight is greater in extent (width) 
than the northern, perhaps nearly Rouble. Although definition on the 
moon’s surface is generally good, there appears to be a want of defining 
power within Plato. Occasionally I see something approaching to well- 
deflned shadows, but greatly inferior to what I usually see with this glass. 
The streaks of sunlight do not come out with that intensity which I re- 
member to have seen them on January 10, 1870. 7.10. Sunlight on Plato 
increases in intensity, but the shadows are deficient in definition, and the 
streaks terminate on the east at some distance from the border, indicating a 
considerable dip of the floor, if, indeed, the sunlight be reflected from the true 
floor. 7.15. In best moments I see the northern edge of the shadow of the 
peak y. The general character of the reflected sunlight is faint. The north 
edge of the shadow of y aligns with the south part of II E'^^ and the sum- 
mits of the group of mountains west of Plato, the bases of which aligned with 
the shadow of S and the north part of II The floor appears to be much 

darker than the site of Newton to the south.” 

On the same evening Mr. Eiger observed and sketched Plato ; his drawing, 
fig. 21, made at 7.30, aperture 4 inches, jwwer 115, exhibits a feature which, 


Fig. 21. 



so far as I am aware, has not been observed before, viz. a number of streaks 
parallel to the longest diameter of Plato, which Mr. Eiger described os “ very 
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striking.’^ At a still later period Mr. Keison observed Plato from 8.5 to 8.35. 
He described the floor as very dark/’ and gave two gradations of shadow, 
that in the south-west being marked “ dark shadow/’ while the portion be- 
yond, towards the east, he marked shadow.” This portion is drawn as ex- 
tending nearly to spot No. 17, bisecting spot No. 1, and passing a little west 
of spot No. 16. On comparing the drawing with Mr. Eiger’s at an earlier 
epoch, it would appear that Mr. Neison’s shadow” was in some way con- 
nected with the streakiness observed by Mr. Eiger; for by 8.35 the true 
shadow must have retreated to about the position given by Mr. Neison for 
his “ dark shadow.” The outline also of Mr. Neisou’s “ shadow ” is not in 
accordance with the peaks on the west border. Mr. Neison further described 
the northern light- streak and sector as very distinct and of a pearl-grey 
colour, and spots Nos. 3 and 17 of a pale grey colour, which he saw di- 
stinctly. 8pots Nos. 16 and 25 arc described as ‘‘ faint.” Although,” says 
Mr. Neison, “ this is extremely early, the spots were extremely plain.” Mr. 
Eiger’s remark is as follows : — “ Sunrise finely seen ; shadows of peaks y, S, e 
very sharply defined ; no spots observed.” 

The darkness of the floor is alike recorded by myself and lyir. Neison ; and 
Mr. Eiger’s drawing testifies equally to it, especially on the north-east portion. 
It is this darkness, so unusual at sunrise, combined with the difficulty of 
making out the streaks and shadows on my par t, and the observation by 
Mr. Eiger of the peculiar streakincss, so unlike the ordinary light-streaks on 
the floor, that lead me to suspect that on the 20th of November, 1871, 
between 4.35 and 7.40 U. M. T., the interior of Plato was in an abnormal 
state. 

While the above-recorded observations were in progress, and the difiiculty 
of observing the interior of Plato from 5.50 to 7.15 was very great, Mr. Pratt 
observed a very remarkable phenomenon on the ^lare Eingoris, which he de- 
scribed as one of the most singular and striking of all the load ohsevvations 
he had witnessed. The following is an extract from his observing- book : — 
5.30. On iKjeneraJ survey of Plato and wide neighhonrhood, the very pecu- 
liar aspect of the Mare Frigoris attracts attention. The appearance can be 
comj)ared to nothing but a kind of haze, entirely local, Jiamfituf romuJ the 
NAV. foot of the slope of JHaio. It is the more conspicuous as nothing of 
the kind is visible either on the Marc Imhrium or on the Mare St^reuitatis. 
The objects on the !Mare Frigoris were indistinct, as if veiled. At 0,30 the 
appearance was much modified. At 7.30 very little of the veiling was to 
he seen. Petween other observations frequent attention was given to it 
until 9.0, but no return of the phenomenon appeared.” 

The contemporaneity of my own observations of the interior of Plato with 
those of Mr. Pratt of an immediate contiguous locality, is conclusive of the 
connexion between the abnormal condition of Plato and the veiled appearance 
of the N.W. slope, extending to the Mare Frigoris. On other occasions 
Mr. Pratt has described the appearance of the floor of Plato as if seen through 
a veil of thin white polarizecl clouds, such as appear in our own atmosphere. 
Phenomena of this kind are strikingly in contrast with an appearance which 
I witnessed on the same evening and at the same time, — it was the sharp 
and well-defined character of the broad band of roughened ground extending 
from the Apennines to the region of Ekert, Pallas, and Bode. 

Such observations as the foregoing remind one strongly of similar observa- 
tions recorded on numerous occasions by Schrbter, which arc said by the 
greatest Selenographer of the present century to have been proved to have 
been illusions. It is a remarkable fact, and one well worthy of deep con- 
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sideration, that whenever close attention is given to the moon’s surface some- 
thing of the kind is sure to crop up ; nor is it confined to eye observations 
alone ; photography tells the same tale. In the letterpress to the fourth area 
of the Lunar Map I have given instances of differences between photograms 
of various dates ; and in drawing up my monogram of Hipparchus, 1 com- 
pared every object in every available photogram. It is much to be regretted 
that a means of detecting differences, if not changes on the moon’s surface, 
should be so little utilized, for 1 have not met with any published results of 
the comparison of lunar photograms except my own, as specified above ; and 
we know that numerous negatives must be in existence. We can hardly 
conceive it possible that Illusion can enter as an element here ; apparent dif- 
ferences may result from flaws either in the originals or in printing, but these 
are capable of being eliminated : and, again, on photograms we have whatever 
differences may present themselves under the oje ; whereas in those observed 
with the telescope wo have the records only to depend upon, and these 
records will be more or less convincing according to the impression made by 
the phenomena on the mind at the time. As illustrative of this I quote Mr. 
Pratt’s remarks in connexion with the phenomena of November 20, 1871: — 
“ Whether or no Lunar Meteorology ever becomes an accepted fact, I shall 
always retain a strong belief that this observation was oiic of the earliest and 
most complete records T know of, from the greatest intensity of the mist, or 
whatever it was that obscured the region, until its entire dissipation by the 
rays of the rising sun.” With this Mr. Pratt contrasts an observation of the 
Mare Frigoris on l)ec('mber 27. 1871, as follows: — “ Definition of objects on 
the ^kfare Frigoris fully as good as on any part of the border of Plato, in 
marked distinction to the observation of November 20, 1871.*’ 

One of the results of my late discussion of observations of the floor of Plato 
is, that certain peculiar phenomena, consisting of variations of the brightness 
of the N.W. floor and in the forms of the streaks thereabout, have been 
noticed during the greater ])art of two years by two or more indej^endent 
observers. On the 22nd of December, 1871, Mr. Pratt noticed “ a marked 
haziness over the north-west part of the floor of Plato, an instance of very 
limited mistiness.” Still, comparison with other portions of the floor rendered 
it to ^fr. Pratt’s mind a no less certain instance than the former one of the 
^lare Frigoris; for to one Avho Inus so constantly worked at the floor, even 
limited phenomena would be as apparent as those of wider range to the 
general observer. 

Now what are we to say to illusion ? Here are independent observers 
during a period of many months testifying to the existence of the same phe- 
nomena ; and not only so (for Uieir testimony would have been weak had we 
merely taken a disjointed remark here or there, or had one observer only, as 
in the case of Schrbter, recorded these seeings), but we have had the ob- 
servations carefully examined and arranged under certain heads, the evidence 
lias been sifted, and we think that an impartial verdict would negative illu- 
sion, and declare for some active element producing the phenomena observed. 
What that element is becomes a most interesting question* 8o far as we 
have been able to make out, the most active agency that has modified the 
moon’s surface is volcanic. Have the appearances to which allusion has been 
made any connexion with a continuance of this agency ? 
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Report on the Mollusca of Europe compared with those of Eastern 
North Amey'ica, By J. Gwyn Jeffreys, F.R,S, 

[A communication ordered by the General Committee to bo printed in extenso.] 

After mentioning that he had dredged last autumn on the coast of New 
England in a steamer provided by the Government of the United States, and 
that he had inspected all the principal collections of Mollusca made in Eastern 
North America, the author compared the Mollusca of Europe with those of 
Massachusetts. He estimated the former to contain about 1000 species (viz. 
200 land and freshwater, and 800 marine), and the latter to contain about 
400 species (viz. 110 land and freshwater, and 290 marine); and ho took 
Mr. Binney’s edition of the late Professor Gould’s ‘ lleport on the Invertebrata 
of Massachusetts,’ published in 1870, as the standard of comparison. That 
work gives 401 species, of which Mr. Jeffreys considered 41 to be varieties 
and the young of other species, leaving 300 apparently distinct species. 
About 40 species may be added to this number in consequence of the recent 
researches of Professor Ycrrill and Mr. Whitcaves on the coast of New Eng- 
land and in the Gulf of St. Lawrence. Mr. Jeffreys identified 173 out of the 
360 Massachusetts species as European, viz. land and freshwater 39 (out of 
110), and marine 134 (out of 250), the proportion in the former case being 
28 per cent., and in the latter nearly 54 per cent. ; and he produced a tabu- 
lated list of the species in support of his statement. Ho proposed to account 
for the distribution of the North -American Mollusca thus identihed, by 
showing that the land and freshwater species had probably migrated from 
Europe to Canada through Northern Asia, and that most of the marine species 
must have been transported from the Arctic seas by Davis’s- Strait ciuTcnt 
southwards to Cape Cod, and the remainder from tlie ^Mediterranean and 
western coasts of the Atlantic by the Gulf -stream in a northerly direction. 
He renewed his objection to the term ‘‘ representative species.” The author 
concluded by expressing his gratitude for the kind hospitality and attention 
which he received from naturalists during his visit to North America last year. 


Mollusca of Eastern North America, according to Bhineifs edition of Goxdd's 
^ Inver tel) rata of Massachusetts,'' 
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29 

30 

31 

32 

33 

34 
36 

38 

39 

40 

43 

44 


Name of Species. 


Teredo navalis, 

Norvagica, Spcngler ... 

megotara, Hmilcij 

Thompsonii, Tryon 

dilatiita, Stimpson .. .. 

chlorotica, GoukI (IHli)). 

Xylotrya ilmbriata, .. 

Pholas cosUta, L 

truncata, Say 

Zirfaea crispata, L 

Solen ensis, L 

Solecurtus gibbus, Sp 

divisus, Sp 


t:; ns 
O O 


N 

N 

N 

S 

N 

N 

S 

S 

s 

N 

N 

S 

s 




K 

E 

E 


E 


E 

E 


Synonyms and Remarks. 


Wood’s Hole, Mass. (J. G. J.). 


J\ onegofara, variety. 

7\ pcdurllata^ Quatrefages 
(1849), yar. 


Genus Vkolas. 
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North or South 
of Cape Cod. 

European. 

Synonyms and Remarks. 

4C> 

Machajra squama, Blainville . 

N 


G. Siliqaa. 

47 

costata, Say 

N 


G. Sillqua, 

48 

Solemya velum, Say (1822)... 

N 


S. togata, young. 

50 

borealis, Totten (18,34) .. 

N 

E 

.S', toejata. Puli (1791). 

51 

Panop.Ta arctica, Laniarck 





(1818) 

N 

E 

Saaicava Norvegica, ap. (1703). 

53 

Olycymeris silicjua, Chemnitz . 

N 

E 

G. Cyrtodaria. 

55 

Mva arenaria, L 

N 

E 


58 

truiicata, /> 

N 

E 


()() 

C\)rbula contracta, Smf 

S 



()1 

Neivra pollucida, St 

N 

E 


02 

Pandora trilineata, Say 

N 



01 

Lyonsia hyaliiia, Conrad 

N 


Allied to L. Norvcgica. 

(>5 

ireiiosa, Moller 

N 

E 


00 

Anatiua papyracea, Sai/ 

N 



08 

Cuchlodesma Leanuin, Co7ir. . 

N 


Allied to Thracia prcetcnuis, 





which is European. 

00 

Tliracia Conradi, Couthouy 





(1838) 

N 


7\ injlata, J. Sower by (1845). 

71 

luyop.sis {Beck), Moll 





(l84->) 

N 

E 

T. tnmeata, Rrowm (1827). 

72 

— t r u ncata , MiqhehSrAda 

N 

E 

Not T. truncata, Hr. T. sep- 


(.1842). 



tenfrtonalis, JclTr. MS. 

73 

Mactra solidissima, Ch 

N 


Lovcii received a single valve 





from Finmark, 

75 

o\alis, Gould, , 

N 


M. sfdidif^i'ima, var. 

77 

lateralis, Say 

N 


Allied to M. mbtruncata, which 

70 

Cumingia tellinoides, Conr,,,.' 

S 


[is European. 

80 

Ceronia arctata, Conr 

N 


Mesodesma deauratian, var. 

81 

• deaurata, l\irton 

N 


G. Mes^dci^ma, 

83 

ICollia planulata, St 

N 


G. Loixca. 

83 

suborbicularis, Mi>nta<j}i.\ 

N 

E 


85 

Turtonia minuta, Fahneins.,,. 

N 

E 

G. Cyamium. 

80 

ifontacuta elevata, St 

N 

E 


87 

Saxicava rugosa, Ttnnanl 

N 

E 

Linne instead of Pennant. 

80 

arctica, L 

N 


.S', rugo.'sa, var. 

00 

Pctricola plioladiformis, I .am. 

N 


^3llcnt ia, Ireland ; a fragment. 

02 

dactylus, Say 

N 


J* pholadd'ormoi, var. 

03 

Macuma fusca, Say (1820) .. 

N 

K 

'TelUna Balthica, L. (1700). 

05 

— — ■ proxiina, Gray (18,30)... 

N 

E 

T cakaria, Ch. (1782j. 

0() 

Tclliiia tcuta, Say 

8 



07 

ton era, Say 

N 


Allied to T. tenuis. 

08 

Liiciiia lilosa, St. (1851) 

N 

E 

L. borealis, L. (1760). 

00 

dcutaOi, Wood 

8 



1(K1 

Cryptodon Gouldii, Thdtppi 

N 

E 

Axinus Jlexuosus, Mont., var. 


(184.^,). 



(1803). 

101 

Sphivrium simile, Say (1810). 

N 


jS. striatinum, Lam. (1818). 

103 

partumoium, Say (1822) 

N 

E 

S. bfcustrc, Muller (1774). 

104 

rhomboideum, Say 

N 


Allied to 8. corncum, which is 





European. 

105 

Vermontanura, Trime 

N 

E 

•S', pisid hides, Gray (1856). 


(1801). 



Perhaps introduced into 





England. 

100 

irimcatum, Linsley 

N 


S. lac us t re, var. 

107 

tenue Trimr, 

N 



107 

aecuria, Prime 

N 


iS. lacustre, var. Bykholtii, 
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Name of Species. 

North or South 
of Cape Cod. 

European. 

Synonyms and Remarks. 

108 

Snhmrium occulentale, Prune 

N 



KKl 

Pisidium dubium, Saf/ (1810) N 

K 

P. aninicrnn^ Mull. (1774). 

110 

Adamsii, Prime ( 1851 ) . . . 

N 

K 

P. font inale y Draparnaud 





(1803). 

110 

compressum, Prime 

N 



112 

icquilaterale, Prime 

N 


Allied to P. nituliiniy -wliich is 





European. 

113 

— ferrugineum. Prime 

N 


P. ynisiUuniy yar. ohtusale. 

113 

abdituiu, Haldeman 





(iMi) 

N 

E 

P. jpusillum, Gmclin (1788). 

115 

variabile, Prune 




IIG 

ventricosum, Prime 



Possibly some of these North- 





American species may bo re- 





duced in number. 

117 

Astarte castanea, Say 

N 


Perhaps a variety of A. hnrea- 





li\ Ch. 

119 

sulcata, Da Costa 

N 

E 

Including A. undata , Gould = 





A. Omaliiy J. Sow, 

121 

semi.sulcata, Lcrtc4(1817) 

N 

E 

A. horealiSy Ch. (1784), yar. 

123 

quadraris, Gouhl 

N 



A. easta^/ea, var. 7iana. 

124 

elliptioa, Hanley 

N 


A. snleatay var. 

125 

Banksii, Leach (18171... 

N 

E 

A, coinprcssa, Mont. (1803), yju\ 

120 

crebricostata, Forbes 





(1847) 

N 

E 

A. depressa, Br. (1827). 

127 

Portlandica, Migkcls 

N 


A. cotiipressay var. 

128 

Goiddia niactracea, Luidey ... 

N 


G. Cras.satclla. 

129 

Cyprina Lslandioa, L 

N 

K 


131 

( 'yMierea coiivexa, Say 

N 


G. Fell us. 

133 

Venus morcenaria, L 

N 



135 

notata, Say 

N 


7ne7'('e7?ariay var. 

130 

Tapes lluciuosa, Gonld 

N 

E 

G. 

137 

Gemma gemma, Totten 

N 


F. mercenaria, young. 

13.S 

Manhaitensi^, Prune ... 

S 



139 

Cardiurn Islandicuin, L 

N 

E 


141 

elegantulum {Beck), 





Moll 

N 1 

E 


143 

Liocardiiim Mortoni, Conr — 

N ! 


G. Cardiian. 

144 

Aphrodita Groeiilandica, Ch. . 

N I 

E 1 


140 

Cardita borealis, Conr. (1830) 

N 

E 

C. sidcata, Bruguiere (1792), | 





var. 

147 

Area pexata, Say 

s ! 



148 

transversa, Say 

N 


A. pexata^ var. 

149 

Nucula tenuis, Mont 

N 

”e ' 


150 

proxima, Say 

N : 



152 

expansa, Peeve 

N 1 


N. tenuiSy var. 

153 

delpbinodonta, Migh. ... 

N i 

E i 


164 

Yoldia limatula. Say (1831).. 

N i 

[ E I 

Y. arctica, vSars. G. Leda. 

155 

oheaa, St 

N 


Allied to Leda luciduy which 





is European. 

150 

siliqiia, Peeve (1855) . 

N 

E 

L. arctica y Gray (1819). 

157 

thraciajformis, Storer ... 

N ' 

' E 1 

G. Leda. 

159 

sapotilla. Gould (1841) . 

N 

1 ^ 

L. hyperboreay Lov. (1846). 

100 

my a Us, Couth 

N 


G. Leda. 

101 

Leda tenuisiilcata, Couth. 





(1838) 

N 

E 

L. permday Mull. (1770), var. 

1 103 

■ Jacksonii, Gould 

N 


L. pernuluy var. 
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*5 r3 

ic3 
“ H. 

o a 
^ U 

'S- 

3 

European. 

»Synonym.s and Remarbs. 

104 

Lcda ininula, Fuhr 

N 

E 

Mull, instead of Eabr. 

10.-) 

— “ caudala, Donovan 

N 


A. minuta^ var. 

107 

Unio coinplanaius, Solander .. 

N 



ICS) 

iiaHutus, tSt/f/ 

N 



170 

ratlialuH, Gnt 

S 



172 

oariosus, 

S 



17.^1 

ocliraeciis, 

8 


Peril aps V. cariosus^ var 

174 

Mamiritana areuata, Jiarnch 





(l8j;i) 

N 

E 

Unio 'mavgaritifer, L. (1700). 

170 


8 


(i. Umo. 

177 

iiiarginatn, 

8 





(}. Unit). 

17H 

Auocloii iliivialili'^, Lva 

S 


Dillwvn (1817) instead ni’Lea. 





Anodijjda 'f/gnra. L. (1700). 

180 

iniplieata, Sai/ 

N 


Cr. Aniuloida. A. <l/gnu(j Aar. 

182 

■ vmilnlivt.i, Saif 

8 


(A. Anodviifa. 

180 

Mvlilus cdulis, L 

N 

E 


180 

Modlola modiolii-j, 7/ 

N 

E 

G. Miffdu^, 

188 

— plieatula, jAtni 

N 


G. Mi/filu'^, 

mo 

Modiolariii nigra, iirai/ 

N 

E 


102 

disoors, L 

N 

E 


11)0 

eorrngata, Sf 

N 

E 


11)1 

Cmu'Uu gUmdula, Toff 

N 


1 

10.3 

pectiuida, (iovld (1841). 

N 

Vj 

C.fid/u, F.ibr. (IT'^O''. 

mo 

Pecteii tcniiieo.s talus, Mofh. 4\ 



1 


Ad 

N 


[ 

11)8 

Islandieus, Midi 

' N 

E 

1 

11)1) 

iiT.idinu.s, Lam 

N 


i , i 

2(K) 

1‘ii'sciis, Lin.d 

N 


C. imrdn/'is, Aoniig. 

202 

Ostri'a ^’u’g^nlan^, Lidiv 

' X 



200 

l)oreali‘<, La/n 

S 


■ (J. Virgoiitf/i,f, Aar. 

204 

1 Anoinia <'])hippiuiii, L 

' N 

K 


204 1 

aeulo.ita, (r ui 

, 


A Cfdiipjuum^ Aar. 

20.-> ! 

i*leetru*a, L 

N 


A t ph(i>i>iuin,\a\\ 

201 > 

- s»pia]nula, /, 

' X 


• A. iphtpfnu/n, Auuiur 

208 

Torfbralulin.i sepU*utnonali.s. 



1 



N 

E 

j I'i ! Amanda vuj.af-bi rj^antn^Ai, 



1 


(17);4), v..r. 

210 

Kliyni'lioiudla p'^itlaeea, Out. . 

■ N 

E 

1 

211 

Waldlu'inii.i 1 raiuuiii, Uui, ... 

i X 

E 

' Mull , iii'^ti'ad of Gin. G. Tv- 





! rdo'afida 

213 

Plidinc sinuata, St 

: ^ 


Alia d lo l\ nitida, AAliieli is 



1 X 


j European. 

213 

— quadrat a, S. ]Vood 


E 


21 1 

lijieolata, Cov.fh. ( 1830) 

X 

E 

' J\ lima, Ur. (1827). 

215 

Seapliandi'i* ])imclu-sl rialu**, 

1 


! 


(1812) 

' N 

E 

N. Idirariu.^, Lov. (1810). 

210 

J)ia])liaua liienialis. Couth. 



i 


(1831)) 

' N 

Vj 

1 1 y/'ii'idusgloljo.yu.'i , Lov ( 1 8 10). 

210 

dohilis, (ividd (ISlO) ... 

1 ^ 

E 

Ufi'hidus hi/ahnu^, 3’iirl. ! 





(1834). ‘ 1 

217 

Utrieidus Clouldii, Couth, 


i 



(1830) 

N 

E 

r.tundfia^, Moll. (1812). 

218 

peHouuit^, Miifh 

X 


1 l \ Ciould it ^ 

211) 

canaliculatiis, Sai/ 

' S 


\ 

220 

Cyliehiia alba, Br 

i N 

E 

\ 

221 

oryza, Tott. (1835) 

N 

E 

1 Buna7dricifIu!i,'Bvocc\u{\Sl4). ' 


1872. v‘ 
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2’22 

ljulla incincla, 

N 



222 

solitaria, St a/ 

S 




occulta, 375///. cS* Ad. 







N 

E 

Cylhlcna .driula, Er. (1827). 

2*24 

Toriialollii pmicto-slriaUi, Ad. 

S 


Perhaps Actaon 2 uisiflus. G, 





Ac f won. 

22(> 

Polycera Lcssonii, Jy Orhigny. 

N 

E 


228 

Dons bilaincllata, h 

N 

E 


229 

tencllii, A(/ai^f>h 

N 


Perhaps J). Im onqdicua, which 





is European. * 

220 

V'Hllx-la. 

N 

E 

7). asy;r/7/, Alder & Hancock 





(184-J). 

280 

(lindcuiata, A^/. (1870).. 

N 


i). luhvrciduta, Cuvier (1802). 

2:u 

planulcita, iSV. (18.53) .. 

K 

JO 

1). rcpandiif A. & 11. (1842). 

282 


N 


“ Very closely allied to B, in,' 





consplciia'.'* j 

283 

Ancula siilpliurea, Sf 

N 


“Very like to Ancula cristuta^^ 





which is European. 

234 

Dciiclronotus arborcscciis, 





Mu/L 

N 

E 


23() 

Ooto comiata, (hn 

N 

E 


t>:i8 

TEolis papillosa, L 

N 

E 


240 

auliuonacoa, Be Kay 





(1843) 

N 


Fid is hodoen.^is, IM/Ml. (1842). 

241 

UostoniciiHw, Couth 

N 


‘‘Approaching closely K.ccn'O- 





7\(ifa of Forbes/’ which is 





European. 

242 

rufibraMcliialia, Johnston. 

N 

E 


243 

pilala, iiould ! 

N 



245 

slellata, 

N 



24(*> 

purpurcji, *Sy. 

N 



240 

picla, A. 4’ 7Z 

N 

E 


247 

clivorsi, CoufJi 

N 



248 

dospccta, John A 

N 

E 


249 

— — - jrjiinnotn, T)(i Viny. 

N 


“jff early’ allied to K. conciJiHClf* 





which is European. 

250 

Calliopoca (?) fuscata, Gould... 

N 



251 

Eiiiblctoiiia fuscata, Gould ... 

N 



252 

remigata, Gould 

N 



253 

Jlcniia^'i crueiata, Alex. Ay.... 

K 



254 

Aldcria IJarvardu ii.si.si, Ag ... 

N 



255 

Elysia cblorotica, Ag. 

N 



256 

Placobranchus cat ulus, Ag. ... 

N 



258 

Linmpontia zonala, Kt 

N 



258 

Chiton apiculatus, Say.,.,,,,, 

S 



259 

ciiierous, L 

S 

E 

C. marginal us, not C. eincreiis. 





A single sp(‘cinien only ; ques- 





tionable. 

200 

niber, Lou'e 

N 

E 


201 

marmoreus, Fahr 

N 

E 


2(>3 

albus, Mo)if. 

N 

E 

L,, not Mont, 

203 

incndicarius, Nigh, if Ad. 





(1842) ‘. 

N 

E 

C, Hanley i (Beati), Thorpe 





(1844). 

204 

Amicula Emersonii, Couth . ... 

N 



1 208 

Dentalium dentale, L 

N 


D,sirwlatim, var. 
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1 
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Entalis strioluta, Sf, (1851).. 

N 

K 

JJ ntfdiuni abgs.*ion(ni, Sar.s | 





(1 8.^)8), var. j 

2(>7 

Tectnra lo-'sliidinalis, Mh/L .. 

N 

E 

1 

21*/,) 

alveus, C^fmr 

N 


T. tc,di(din(di.% var. i 

270 

IjppoOi cieca, Mufl 

N 

10 

1 

271 

Orepulula foriiicaia, L 

N 

E 1 

1 

273 

plaun, Sa7/ 

N 


C. furnicafa, \ar. | 

273 

couvexa, *SV.'y 

N 


! 

274 

glauc.'i, >SV/y 

N 

1 

C. furtikata, \s\Y. j 

27 r> 

Crucibulum slriaium, Sti// .. 

N 


; 

270 

Comoria Noacliina, L 

N 

E 

(>. Punrturdbu 

277 

lantliina fragilis, .. i 

N 

E 

Lam ,T]ot3)i>h. 8])eeifi(‘iifnnc ' 





eliaugcd to ( onintunisiXb'l’l). I 

278 

Aflcorbiri oostulata, 

N 

iO 

CL Mulhrau 

270 

Margarita oincrca, Coitih. . 

N • 

E 

CL 'J'rnc Jills. 

280 

undulata, t^owerb^ (^1838 j, 

N 

10 

T/'othus Groetdandicifs, C’h. 


1 



(1781). 

281 

liclieitia, Fub}' i 

N 

E 

Ct. I'rochu-i, 

282 

nrgentata, GouM (1811) ’ 

N 

10 

'rrochus glaucus, Mtill. (1842). 

280 

obscura, Confh 

N 

K 1 

G. Trorlfus. 

284 

acuminata. Mitjh. Ad.. 

N 


Trochus lutrito.^us, young. 

285 

varioosa, Mlgh. 4' Ad. 





(18i2) 

N 

E 

M. chqanfissioia (Bean), S. 





Wood (,18-18), G. 'JVmktls. 

280 

Troohiis oceidcntalis, Miqh. 4 ■ 



i 


Ad 

N 

E 


28(*» 

V alvata t ricar inata, Sag (1817)1 

N 

E 

J^nm'inalin, Mull. (1774), var. 

288 

pupoidca, Goiild ........ 

N 



280 

Melaiitlio docisa, Sat/ 

N 



202 

Amnicola pallida, Ihddamtn . 

N 


G. Jfgdi'obia, 

203 

limo.sa, Sa?/ 

N 


G llgdrolna. 

204 

granum, Sag 

8 


G. ligdrohku 

2 or> 

Pomatiopsis lapidaria. Sag <... 

S 



200 

Skenea planorbis, Fuhr 

N 

E 

1 (L 

207 

Ri-Sfioella? eburnca, St 

N 



207 

sulcosa, Mi(fh 

N 


i ( L IJts^oa. One specimen only. 

208 

llissoa minuta, fott. (1834)... 

N 

E 

ffgdrolna rnitroya^ Mont. 





(180.3), var. 

200 

lallor, Miqh. 4' Ad 

N 



200 

aculeus, Gould (1841).. 

N 

E 

7i. striata, J. Adams (1795). 

300 

multilincata, St 

N 


R. driata, var. 

301 

Mighclsi, St 

N 



301 

exarata, St 

N 



301 

carinata, Migh. 4’ Ad. .. 

N 



302 

Lacuna vincta, Mont. (1S03) . 

N 

E 

L. dirarkata, Fabr. (1780). 

303 

neritoidea, Gould (1840) 

N 

E 

L. pallidula, Turi. (1827 ),Tar. 

304 

Littorina rudis, J)on 

N 

JO 

Mat ( 111 . instead of Don. 

300 

tenebrosa, Mont 

N 

30 

fj. riidh, var. 

308 

lilorca, L 

N 

30 


309 

palliata, Sag (1822) ... 

N 

E 

L. olitusata, L. (1760), v.nr. 





= /.. hmata, Low. (1840). 

311 

irrorata, Sat/ 

S 



311 

Scalaria Nov-nng’lia?, Cotdh..,. 

N 


(S. muliistrUiia, var. 

312 

lineala, Sag 

S 



313 

mullLstriata, Sat/ 

s 



314 

Oroenlandica, in 

. N 

1 ® 



T 2 
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315 

Caicum piilch(4lLim, St 

S 



310 

Vermetus radicula, St 

S 



317 

Turrit^lla erosa, Couth. 





(1839) 

N 

E 

T. pot, iris, (1842). 

318 

reticulata, Mink. Ad. 





(1842) 

N 

E 

T. tiictm, Moll. (1842). 

310 

acicula, St 

N 



320 

Aporrhais oocidentalis, Beck. . 

N 



321 

Bittium nigrum, Tott 

S 


G. Ccrithium. 

322 

Greouii, Ad. (1830) 

N 

E 

CerithiopsistHherculuris,^\.(mi. 

323 

Triforis nigrocinctiis, Jf/. ... 

« 


[(1803). 

325 

Odostomia prodiicta, Ad 

8 



325 

fusca, Ad 

S 



327 

dealbata, St 

N 



327 

niodcsta, St 

N 



327 

bisuturalis, Sai/ 

N 



328 


s 


0. imprcsi^a, var. 

320 

seminuda. Ad 

N 


330 

impressa, Sai; (1822) ... 

8 


0. cadutUy Cailllaud (I8l)5). 

331 

Turboiiilla intormpta, Tott. 

N 

41 

Mehuiid rufu, I4i. (I83<»i,\ar. 


(1831). 



G. Odostomia. 

331 

iiivca, St 

N 


Perhaps Turbo lac tci(.s,li. (3. 

332 

Eulima oloacca, Kurtz t)' SI.. 

8 


\_()dosfomut. 

333 

Mciicstbo albida, Moll 

N 


A])parcntlv not tins species, 





wJiicli is European. 

331 

Velutina haliotokloa, Fa!ir. 





(1780) 

N 

E 

V. hevajata, Pennant (1777). 

335 1 

zonata, (1841) ... 

N 

E 

r. undata^ Brown (1827). 

337 

Lamcllaria pcr.'^picun, L 

N 

ii: 


338 

Jjunatiu lieros, Sui/ (1822) .. 



Natica catenoldcs, S. AVuod 





0818). 

340 

— — triseriata, Sciij 

N 


Katica hcro.'^y young. 

341 

Groenlandica, Moll 

N 

41 

Bock, ytf/tf JVIoll. G. Naltca. 

342 

Natica clausa, Broderlp 4* Sow. 





(1820) 

N 

E 

N. affini.\ Gm. (1700). 

344 

pusilla, Say 

S 



344 

Mamma? immacidata, Tott... 

N 


G. Natica. 

345 

Neverita duplicata, Say 

H 


G. Natica. 

347 

Bulbils llavus, Goidd (1840) .. 

N 

E j 

Na tica Sm t fk ii. Brown ( 1 830) , ' 





~N. upcrla, Lov, (1840). 

348 

Amauropsls lielicoidcs, Jolinst. 





(1835) 

N 

E j 

Nation Islandica, Gm. (1700). 

340 

Plcurutoma bicarinata. Couth. 

N 



350 

plicata. Ad. (1842) 

N 

E 

P. decticis, Lov. (1840). 

351 

Bela turricida, Mont 

N 

E 

G. Pteurotoma. 

352 

har])ularia, Couth 

N 

JO 

G. Plcuroioma. 

353 

violacca, Miqh. tf* Ad. 





(1842) 

K 

E 

Drfrancia Bcckii, Moll. (1842). 





G. Plcurotoma. 

354 

deciissata, (1841). 

N 

1 ® 

Ptcnrotoina drevetyana^ Turt. 





(1831). 

355 

cancellata, Mlgh. ^ Ad. 





(1842) 

N 

E 

I)efra7icia Pingeliiy Moll. 





(1812). (A. Plenrofonut. 

355 

pleiiroloinaria, Couth. 

N 

E 

Baccimem pyramidale, Stroin 


(1839). 



1 (170 — ). G. Pteurotoma. j 
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"5() 

Colunibclltt avara, tSV/y 

S 


ar>7 

■ rosacea, Oould (IHIO) .. 

N 

E 0. lInVH.m (Reck), Moll. 1 




: (184il). 


cliRsimili‘5, 

N 

1 

VuA) 

liinata, Htuf 

S 

1 

;;()() 

Purpura lapillus 

N 

E . 

ol)2 

Xassa ()bsol(‘ta, ^V/y 

N 

... > Subgrnus Br h}md(a. 1 

.‘{(j i- 

■ tri\itla1a, (1822) . 

N 

. N. ‘i>r<tiuuy\'a. J. Sow. (I8J4). 1 

r‘(M 

vibcx, /SWy 

S 

; 1 


]3iiecinuin uTulatuin, L 

N 

E 

' 

;i(iH 

cib iliiiii, Fahr 

N 

E Not tliat species but li. vn- i 




dahihnn, Moll. | 


Donovaiii, draff (1830) . 

K 

E li. (fladnfr, L (1700). j 

;i70 

• cincrcum, t^aif 

N 

, (r. t^iwal2>iua', allu'd to Bur- 




pyfra. 

371 

Fufeiis Islandicus, Om 

N 

...... Not 1 hat si)ccics, but /•’. curias, 




; Jofiv. 

37:2 

pvf^niauis, 

N 

t Not Succiafi/ii Sahnui or /wr- j 




' siis Sahini, (Irav* 

373 

ventrieosus, Gray,, .. 

N 

i 

371 

tornatus, GoaUI ( 1840) .. 

N 

E i’\ (hsp(cti's, 1j. (1o>0>). 

373 

deceincostatiis, Say 

>' 

1 

377 

Troplion clalliratu.s, Z 

N 

E , Not tliat spocic.s, but 7\ frun^ 





cafvs, Str. 

378 

.Rcalariforinis, Goald 




1 

(1840) 

N 

E 

7’. rial lira It f,s, L ( 1700). 

370 

murieatus, ^ioat 

N 

E Doubt ful as Amerjcan. 

380 

Jlusycon eaiialieulatuin, h. . 

« 

j 


carica, Gm 

S 


i 

;vsr-> 

Fasciolaria b^^atn, Ad. 

N 



3S0 

Kanella eaudatn, Say 

S 


j 

387 

Corithiopsis Kmer^onii, Ad... 

s 

G. Cerl/liiu?7i, not Ccrfllitofu'ds. 

rso 

lerebralis. Ad. (1841) 

s 

E 1 C. irdiueafa, Ph (1830). 

300 

Tri(4i()tropi.s borealis, Sim', .. 

N 


Hroderip and Sowerby’s spe- j 

liOl 

Adineto viridida, h\0 r 

1 N 

E 

304 

VitriTia linn)ida, O'uw/r/ (1830). N 

E 

' V. 'pcUucala, Mull. (1774). 

303 

ITyaliiia cidlaria, Mull 

N 

E ; G Zotui(s. 

30(> 

arborca, Say 

N 

' Closely allied to "A. cxcavalvs, 




1 but umbiluiis much k.ss 




1 o]>en. 

307 

eleetriua, Govld (1841). 

N 

E 

Zoui/f.'i radiididus, Alder 




(1S30), 'var. aWa, 

308 

iiidontata, Say 

N 


300 

niinuseuliv, liuiucy 

N 


400 

Pinncvaiia, Mor»c .. ... 

s 


401 ! 

mi limn, Morse 



401 

lerrca, Mor.'^e 

N 

1 

402 

- - chorsina, Say (1821) .. 

N 

E 

Ztoi tics fvl CVS, IVlull. (1774). 

403 

ininutissiina, Lea (1841) 

N 

E 1 Ifilar pyg mu a, Drnp. (1803). 

404 

mulhdentata, Bniney ... 

N 



404 

lincala, Say 

N 



4or> 

Macroeyclis eoiien\a, Say 

N 



1 407 

Pimax maximiis, L 

N 

E 


j 408 

ngrestia, L 

N 

E 


400 

nampcstris,i^/«??ey(l841) 

N 

E 

L. luvls, lilull. (1774). 
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410 

412 

413 
4ir> 
415 

417 

418 
420 

422 

423 

424 

425 
42(> 

Limax flams, L 

Helix altemata, Sai/ 

striatella, Anthony 

asteriscus, Morse 

labyrinthica, 

hirsuta, Say 

monodon, liackett 

palliata, Say 

tri dentata, Say 

albolabris, Sai^ 

dentiferii, lihin 

tliyroides, Say 

Sayii, Bi7m 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

E 


427 

? harpa, Saif 

N 

E 

Sweden. 

42S 

ptilcliclLi, Mult 

N 

E 


42^,) 

liortensis, Mutt. ( 1 774) .. 

N 

E 

H. nemoralis, L. (17CG), var. 

431 

Cionolla subeylindrica, L 

N 


Perhaps that speeies, but de- 
.scril^ed as inhabiting fresh 
water. Cochlicopa lubrica, 
Mull. 

433 

433 

431 

435 

430 

437 

438 
430 
430 

Pupa museonim, L 

IToppii, Mbit 

pciitodon, Sat/ 

(Iccorti, (r 01 (til 

fallax, Saij 

armifera, Sa?/ 

contraeta, Sai/ 

rupicoln, Sa/y 

corticaria, Sa?/ 

N 

N 

N 

N 

S 

N 

N 

N 

N 

E 

Linne 8 spoeies is unaseert^du- 
able. 1\ maryinata, Prap. 

440 

441 

Vertigo Couldii, ( 1813) 

iinlivim, Goiihf 

N 

N 

E 

V. atpestrifi, Aid. (1830). 

442 

— — Bollcsiana, (18( ».“))! N 

E 

V.yajaimea, Prn]). (1801). 

442 

<)\ata, Say (1822) 

N 

; E 

V. antii'ert?{/o, l)rap. (IHUI). 

413 

veulrico^a, Morse {IHiu)) 

N 

E 

V. Mautiusiana, Dupuy 

i 

444 

simplex, Gould (1840) . 

N 

E 

j 1 . rddituta, Praji. (1805). 

445 

Suecinea ovalis, Goufd (18-11) 

N 

E 

1 S, ctn/ans, K\8S() (182G). 

41G 

avara, Say 

N 

1 

1 Allied to S. j!utn\Y‘di\ oelira- 

447 

obliqua, Sa?/ (1824) 

N 

E 

j 

1 S. pvt ns, L. (17GG). 

448 

Tottenianp, Zm 

N 


1 S, /mtrh, var. 

451 

Avion fuscus, Mull. (1771) .. 

N 

E 

Perhaps that s]>eeies. A. lwr~ 

1 frnsis, Kopussac (1810). 

453 

454 
454 
457 

Zonites iiiornata, Say 

suppressa, Su)/ 

fuliginosa, Griffith .... 

Tebennophorus dor&abs, jymn 

N 

N 

N 

N 

1 

ZoWiVe.s is inaseuhnc ; see Do 
Montfort. 

4(>5 

40G 

Alexia nivo.sotis, lhap 

C'arydniun cxiguuni, Seny 

N 

E 

G. Mdampvs. 


(1822) 

N 

E 

C, miniinum. Mull. (1774). 

407 

Mclampus bideutaius. Say .. 

N 


Speeifle natuo prcoeciipied . iV. 
c()rne?ii>,, Desli. 

471 

Limna\a columella, 87/^(1817) 

N 

E 

L.puregra^ Mull. (1774). 

473 

j decollata, Miyh 

N 


L. catdscopiumy var. 
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474 

Limnnsa ampla, Miqh 

N 



47,5 

olodes, (1821) 

N 

E 

L. 2 >aliesiris, Mull, (1774). 

47<S 

desidiosa, Sitq 

N 


L. trnncaiiUa, var. 

47V) 

catapcopium, 

S 



*180 

— umbilicata, Ad 

N 


.Vllicd to L tnmcafula. 

481 

pallida, Ad 

N 


L. tnoicaftda, vur. ciryans. 

482 

liumilia, >SWy(1822) 

N 

E 

L. inincafida^ Mull. (1774 j. 

4S3 

riiysa Jiotcrostrophii, ... 

N 


More nearly allu'd to V. riva- 





//.s, Mat. it Hack., than to J*. 





fontinalib. 

48.5 

a ioillaria, Sitf/ 

S 



4.S(i 

lluliniis (doii^atiis, Sai/ (1821) 

N 

E 

Physn hyimorum, L. (17f3<»). i 

48S 

riaaorbis trivolvis, iSai/ 

N 



400 

lentus, >SV?// 

N 


1 P. trivolvis, var. 

401 

bicarmalus, Say 

N 



402 

cainpaiudatus, N/ry 

1 N 



40.0 

birsutus, Umdd (1840).. 

i N 

E 

P, nJhm, Mull. (1774). 

404 

deflect us, Say 

! N 


P. aihifSy var. Dru^mniatdi. \ 

40.5 

exaoul us, S((if 

' N 


, Allied to 7'. •;?/// 1 

407 

parvus, Say (1817-10) .. 

1 

E 

P yJaher. Jelfr. ( 18*28). 1 

498 

— — ddatatus, hoidd 


E 

Perhaps introduced into Eng- , 




1 

, land and naturalized. | 

400 

Segmoutina armigern, /S'rt'y ... 

1 N 

1 

1 G. PJayiorlus, 1 

.501 

Ancylus parallolus, llald 

i 


Allied to A. (acvsiris. 

502 

— fuscus, Ad 



; 

.504 

Diaeria trisjuiiosa, Lcaicur ... 

N 

E 

' G. Gfrolma. 

.504 

rsyclio globulosa, 1\<oiy 

! N 


1 

.50.5 

llclerofusus b.ilea, MoU 

.! N 


G. S/ar/ahs, 

,50.5 

— — rotroversus, I'leminy 


JO 

(J. Sjurnd/s, 

.507 

Cliono luuacina, rhipp,s(\"iy,\ 


I E 

C, f'a, J*allas ( I7t>f>). 

.500 

Tjoligojisis ])av(), Lif' 

1 

1 


510 

OnnnastriM)]ics sagittatus. Fer 

.1 N 


Liiniarelv’s sjiecio.'’. G. Oai- 


4’ D'Orh. 

i 


niaio.dnphr 

51.0 

Loligu ])uiictMta, Ik Kay . . 

S 

, 


: 514 

IValoi, /.cv 
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\ 

; 50> 

' Spinda fragilis, Si. (ISi'O) .. 

S 



S. >(• s'rid(^, ( 1780 -02), 


Report (if the CommUlce for the purpose of i a rest if/at inf/ the Chemical 
Constitution and Optical Properties oj Essen fiat Oils, 

Dr, Gladstones Report, 

Some of tho snhstanoos prepared and analyzed by Dr. AVrijdit ^voro examined 
by mo for certain physical properties. 

Tho specimens of hydrocar])oii derived from nutmop:-oil were perfectly 
clear and colourless, and had an odour rescmblinf^ that of turpentine, but 
more fragrant. Tho following are tho results of the optical examination of 
throo specimens with different boiling-points (under them are given tlio 
numbers in my papers in the Chemical Society’s Journal for 1804):— 
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Prepared by 

Doiling- 

poiiit. 

Tempera- 
ture of 
cxi)crimcnt. 

Specific 

gravity. 

Refractive 
index 
for A. 

Dispersion. 

Specific 

retractive 

energy. 

Wright 

o o 

o 

C. 

0-S t54 

l-*1.7.)i 

•021)5 

*,54^8 

Ditto 

J7-I -175 


0-S4()l 

1 -41 MO 

•0202 

•5.")01 

Ditto 

177- 17t) 

:27‘C. 

O-S JSO 

l-l(:(')7 

•0505 1 

*5505 

Gljuhtono ... 

157 

tli) (’. 

(Ksr)is 


•02S4 

•545.5 

Ditto 1 

! 

105 


0 

1 l(>;{4 

•0274 ! 

•5454 

' __ 


The hydrocarbon with the lower boiling-point is evidently different from 
tho specimens distilled at a higher temporal lire. These show a marked in- 
crease in refraction, and one still more marked in dispersion, while then', is 
no corresponding inorcaso in density; in fact tliey (ire fully up to, if not 
above, any of the hydrocarbons of tho type which 1 have exaniined. 

IS^ow if the higher boiling-point be due to the admixture of a body of the 
composition of it ought sensibly to diminish instead of increasing the 

refraction, on the snp])osition that C and H have tho nsnal values ; but if 
ibis body belong to tho group of ai'omatic hydrocarbons, and be, in fact, 
cymeno, it will have the precise effect which is found ; for cymenc gave the 
following numbers at 11° : — specific gravity ; refractive index for 
A 1*4801; disi)ersiou ; specific refractive energy 0*5500. 

I have already nmiarked (Cliem. Joimi. Hoc., 1870, p. 151) that all tho 
ierpenes give refraction -c(]invalcnts a little above the calculated amount, 
and it might be supposed that this is due to the admixture of some cymene in 
each instance ; hut the fact of the same increased refraction occurring in tlio 
ccdrcncs and colophene, which boil at a tcm]>eratnrc far above that of cymene, 
negatives this idea, Tinlcss it be supposed tlnit these substances also contain 
poly’mcridcs of cymene, which is not impossible. 

The supposed polymeridcs of myristicol gave tlio following numbers 
(under them are given tliosc previously determined for this compound) : — ■ 


Prepared by j 

Boiling- 
point . 

Tempera- 
ture of > 
experiment. 

1 ^ 1 
SpcciPc 
gravity. 

Refractive 
index i 
tor .A . 

Di-^pcr.sion.j 

i 

Siiecifie 

rerractive 

energy. 

Wright 

212-21"?^ 

O 1 

24 > 

0-0107 

1 1757 ' 

0271 

•.7).57 

Ditto 

2(m-2K-) 

25 

0 00(U> 

1 0'5S 

•o;u ;2 

•-1075 

Ditto 

above 500 

50 

1 0221 

1 55l‘> 


-.5204 

Gladstone .. 

.... 221 

20 

(HUCO 

1 ISIH 

•oVvoi 

•5121 


Tlic three supposed polpncridcs are evidently different bodies ; but tlio 
closeness of the sjiccilie refractive energies of the first two confirms the idea 
of tlicir being identical in ultimate composition. The third is only a little 
higher, which might easily be accounted for by a somewhat larger propor- 
tion of hydrogen. 

^ Tho body derived from orange-oil, >;\bieh appeared to be analogous to this 
higher polymerido of inyristieol, was found to be like it in other respects also. 



Tempera- 
ture of 
experiment 

Sjioeifie 

gravity. 

Ri'fracl'ie 

index 

extreme 

red. 

Refractive 
index for 

D. 

iSpoeifio 
refractive 
cnergv for 
D*'. 

From nutmeg 

27^ 

27" 

I ] 0221 ! 

0-0n74 

D5510 

1-5195 

l-.557() 

1*5251 

•5250 

•52(>5 

From orange 
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They have both the same colour, and absorb the more refrangible rays of 
tlic spectrum in the same manner. That from nutmeg is somewhat darker 
and less fluid. They arc freely soluble in ether, but not in alcohol. Their 
general appearance, and the action of alcohol, gave an impression of their 
being mixtures, such as might bo inferred both from the results of analysis 
and from the specific refractive energy. 

A chlorinated product, 4(C„,lTj.Cl)H-C, Jf,,, was found to have 'a specific 
gravity of ()-8()85 at a refractive index for A of 1.'4755, and a disper- 
sion of 0-32G : consequejitly the specific refractive energy was 0*5477), and the 
refraction-equivalent for so complicated a formula ill amount 10 440*7; the 
usual values of carbon, hydrogen, and chlorine would give only ^385*8, and, 
making the usual addition for phenyl compounds, the refraction-equivalent 
would only rise to about 420. 

A hydrocarbon, apparcaitly possessing the composition which was 

found among the products of the reaction of pentachloride of phosphorus 
on myristicol, was somewhat dark in colour. It had the spccifie gravity of 
O'bojr) at 24°, a nTraclive index for A of 1*5148, and a high dispersion. 
Its specific refractive energy, 0*5 105, is but little short of that found for 
cymcnc, viz. 0*5500, and is consistmit with the idea of the suhstaiiec being 
cyineno mixed with some other body not Indonging to the phenyl group. 


J)i\ irr/V/7?/'&* Hei)ort, 

At the last nuM'tIng of the Association a preliminary notice was read on tlio 
action of certain oxidizing agents on hcfijicrithnCy the terpcnc of orange-oil 
(Portugal of commerce). A large number of fnrthiT experiments have been 
made on this essential oil, and also on imlmeg-oil, wlii(;h is said to contain 
anotlnu* teri)ciK} tu') of boiling-point several degrees lower than 

ilian that of hosperidene ; there being thus reason for supposing that these 
two torpenes constitute a wcdl-marked ease of isomerism, it was thought best 
to investigate the oils in which they occur before commencing experiments 
on other and lesser-known essential oils. In many points the results are 
not yet (piite oomjihdo. 

Tlie oils cmplo 3 *ed were obtained from Messrs. Picsse A Lubin, and were 
believed to bo perfectly genuine and nnadultcruled. 

1. 011 of has been shown by (iladalone (C’liem. Soc. Journ. 

18t)4, p. I, and l.s72, p. 1) tluii tins oil consists essentially of a terpcnc 
{hijivisilvcnc) boiling at 1 ()7°, together with a small quantity of an oxidized con- 
stituent boiling at about 22i>°, andgiAingoii analysis numbers agreeing badly 
Muth the formula aud tlienee termed unjrisficoL About a kilo** 

gramme of oil was slowly distilled ; the majority came over below 200^ ; some 
boiled up to 290°, when a soft bi*own resin was left in the retort, constituting 
about 2 ])er cent, of the oil distilled ; on combustion this gave numbers 
agreeing with the formula 

Tlic higher portions of tliis lirst distillate appeared to be somewhat more 
oxidized than this resin, portions boiling at 200° to 280° and at 280° to 290° 
giving numbers agreeing with the empirical formula ; these sub- 

stances have not yet been further examined, being probal)ly mixtures. 

The lower portions of the first distillate were several times fractionated, 
with the result of producing a considerable quantity of a mixture of hydro- 
carbons boiling below 180°, and a small quantity of an oxidized constituent, 
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tho myristicol ’’ of Gladstone. After several fractionations, however, it 
became evident that this substance alters by tho action of heat upon it, be- 
coming changed, first, into liquids of tho same composition but higher boiling- 
point, and finally into an isomeric resin, not volatile at 800°. Tho purest 
unaltered myristicol ” obtained boiled between 212° and 218°: both this 
and the higher isomerides boiling at 2()o° to 285° and the resin not volatile 
at 300° gave on analysis numbers which lay between those required for tho 
formula) and more nearly approximating to the hitter; from 

this it is concluded that the “ myristicol ’’ of Gladstone is essentially a peculiar 
kind of camphor, which on heating becomes transformed into a mix- 

ture of polymerides bearing to it the same relation that the colophenes and 
cedroncs boar to tho terpenes ; this conclusion is strongly supported by the 
physical properties of these polymerides as examined by Dr. GladsI one. 

This polymerization by heat of bodies probal)ly affords an ex- 

planation of the anomalous results obtained in tho distillation of certain 
naturally oxidized essential oils, such as lign aloes, from which no substance 
of constant boiling-point can be obtained, the distillates obtained in one 
operation continually altering in another. 

The action of phosphorus pentaelilorido on mjudsticol has been examined, 
and appears to bo in accordance with the equation 

+ vci=mc\+im-\- 

a reaction indicating that myristicol is a kind of alcohol or phenol, v. e, 
that it may be written | 0. Tho resulting product is difh- 

cult to obtain even approximately pure, as the action of lieat causes it to 
split up into HCl andCj^Tu. The hydrocarbon thus formed has not j’ct 
been thoroughly examined ; a considerable quantity of it becomes polymerized 
at the moment of its formation into a yellow-brown viscid resin, not volatile 
at the extreme limit of tho mercurial thermometer, and having apparently 
tho composition It is proposed to obtain myristicol in larger 

quantities, and to examine more fully this action, and also tho action of 
phosphoric anhydride &c. on it. Camphor gives rise, by the action of 
dehydrating agents, to cymene, ; it will bo of interest to determine 

wbetlior sucli a reaction takes place with myristicol, and if so whether tho 
same cymene is formed. 

The hydrocarbons contained in the nutmeg-oil distillates boiling below 180° 
were heated for some time in contact with sodium, and submitted to careful 
fractional distillation over that metal for several weeks ; finally tho wdiolo 
was almost entirely split u*p into two portions — one constituting about three 
fourths of the 'whole and boiling at 103° to 100°, and the other, about one 
'sixth as large in quantity, boiling at 173° to 177°. Intermediate fractions 
were at first obtained ; but by successive distillations these split up almost 
entirely into the higher and lower fractions. A small quantity was also 
obtained boiling above 177° ; but this contained a minute quantity of an ox- 
idized constituent not destroyed hy the sodium, distillates at 170° to 181° 
and 181° to 185° giving numbers on analysis adding np to 98-6 and 98-8 
respectively : — • 

The following percentages were obtained with tho fractions that were free 
from oxidized substances : — 


Toiling-poinfc 

103^-1 04°C. 

1C4°-10C° 

173^-175° 

175“-177'> 

177°-170^ 

Tor cent, carbon . . 


i 88 28 

88-35 

88-04 

88-1:1 

Ditto liydrogon . . 

. 11-80 

1208 

11-71 

11 -(ll 

11-07 
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The formula requires carbons 88*23, hydrogen=] 1*77 ; wbilo 

requires carbon =89*55, hydrogen 10*45. 

From these numbers it is inferred that nutmeg-oil contains at least two 
torpenes, one boiling at about 1G4°, the other at about 176°, or 12° higher, 
the former predominating, and the myristiceno ” of Gladstone, boiling at 
167°, being a mixture of the two. Tho lowest of these two torpenes docs 
not appear to bo mixed with any great quantity of a lower hydrocarbon, 
such as but is not necessarily free from such admixture ; for quantities 

of 9 and even 14 per cent, of C^^Hj^iii the mixture produce very little alter- 
ation in tho calculated numbers, recpiiring respectively C = 88*36, 11 = 11*64, 
and 0=88*42, H= 11*58. The higher hydrocarbon, however, contains cer- 
tainly a considerable percentage of (pro})ably cymoiic, which boils at 

about 176°); for tlic observed numbers are uniformly short of the hydrogen 
percentage reciuircd for and coincide precisely with thoso that would 

1)0 furnished by a mixture containing 20 or even 25 per cent, of cymene, 
such mixtures T oquiring respectively 0=88*49, 11 = 11*51, and 0 = 88*56, 
H = ll*41. 

As shown in section 4, tho 1 63°-164° fraction yielded hy careful oxidation 
by nitric acid 13*2 per cent, of a mixture of tolnic and tereplithalic acid, in tho 
proportion of 1 of the former to 4 of the latier; if it be assumed that these 
acids arose solely from the oxidation of cymene, present in the hj'dro- 

carbon employed, this would indicate tho prcsen(*c of at least 11*1 per cent, 
of cymeno iii tho hydrocarbon, a (piantity which, as just shown, is less than 
that which might he present without being appreciable by ordinary analysis. 
The quantity of toluic 4- tercphthalic acids yielded by the fractions boiling at 
J75°-177° has not yet been accurately doterniined, but it appears to be 
greater than that obtained from tho lower fraction. The general conclusion 
drawn from all this is, that it is not at all improbable tliat lh(‘ terephlhulic 
acid produced by tho oxidation of various torpenes, such as oils of turpentine, 
lemons, is derived, not from fhr present in the Infdrocarbon vmiy 

bat from the admirtHre of a ceriahi amount of npncnc in flic smbMunce m- 
jdojjcdy and that, in oonscfiucnco, the supposed identity of such hydrocarbons 
and their relations to benzene arc by no means proven — a conclusion 
strengthened by the results obtained vrilli tho orange-ter])enc, hosperidene, 
from which no t(‘rej)hthaUc acid at all is derivable by oxidation, althougli 
otherwise its oxidatiou-pruduets very much resciiible ihe^e of the other 
icr])cnes. 

2. Od of Oranue-ped (Portugal of commerce). — On slow distillation of this 
oil the majority came over below 1S0° ; a fewdro])s of oxidized pi’odiul came 
over at 240°-25o°, agreeing ^^ith the formula /). =40j ; and a 

small quantity, 2*8 per eent., of a non-volatile inodorous resin was left behind, 
agreeing with the formula -f O^. 

Like llio nutmeg-oil, there is ])reseut a substance boiling at 2l()°-220°, 
giving numbox's agreeing nearly with the formula 0, ,lTj,0, and converted by 
lioat into an isomeric non-volatile rcsiii : tliosolc ditteiTiice observed between 
iliis body and the nutmeg-myristicol is in smell, tlxo one smelling of nutmeg 
and th(' other of oi*angc-peel ; tho small pi*oportions in which it exists in 
orange-oil has prevented any minute examination of it as yet. 

4\illy 95 per cent, of the oil is a hydrocarbon m hicli, after many distilla- 
tions ov(T sodium, boils constantly at 1 78° (corrected) ; Gladstone tinds 
that hesperidene boils at 174°. 

This is a torpono, as it gave on analysis carbon— 88* 17, hydrogen =12*96, 
while requires 0=88*23, 11=11*77. 
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It is evident that tliis body is not identical with the lower nutmeg-turpene 
boiling at 104® or so; but there appears to be some relation between them, 
both yielding products of similar character by oxidation ; the orango- 
terpene, however, giving no terephthalic acid, from whence it appears that 
the hydrocarbon is free from eymeno. 

3. Action of Potassium Dlchromate and SuliJiuvlc acid on Nutmeg^ and 
Orange-Tcrpenes. — As mentioned in a preliminary note read before the 
Association last year, acetic acid is produced by the action of these suhstaiices 
on hesperideno along with carbonic and formic acids, llarium and silver 
acetate have been prepared and analj'zed. The portion of oil apj)arently not 
attacked was found on distillation to contain an oxidized substaiico not 
volatile below 200® (the hydrocarbon used was irhollg volatile below 178®, 
and contained no trace of oxidized substance) ; on distillation this gave a few 
drops boiling at 210®-23O®, and a resin not volatile at 300®, and giving 
numbers agreeing with the formula + 

distillate at 2l0®-230®, on continued heating, ac([uired a higher boiling- 
point and bceamc rcsinized ; products boiling at 2 1 -230® in two different ex- 
imrimcnts, and a polymerized portion produced from the two jointly, and boiling 
at 240®-2r)0®, all gave numbers almost identical with those given ])y myris- 
tico], and closel}^ approximating to those required for C,„ir^, (). From those 
numbers, and the peculiar and apparently characteristic properties of the 

substance, it is inferred tliat a liquid camphor of formula ^ *^j|^** j- 

produced from a hydrocarbon, JI, by direct oxidation ; in other words 
that an action of a type hitherto wanting has been found, viz. the conversion 
of a hydrocarhon Into one of the corresponding aJcoIiols hy direct OA'lditilon: 
hitherto this has Leon only accomidished hy circuitous processes, such as 
forming a chloro-or sulpliiiric derivative, &c., and llic conversion of this into 
the hydroxyl derivative by treatment with silver salts or ])otassiuin acetate and 
caustic potash, &c. From a theoretical point of view, the interest attaching 
to this reaction is great, as it exhibits closely the mutual relations of hydro- 
carbon, primary alcohol, ortho-aldehyde, and ortho-acid, thus : — 

Hydrocarbon .... . CIipK . . Primary alcohol. 

Primary alcohol. . X> . CH OK + O = X’ . Cir(OTT), .. Ortho-aldehyde. 
Ortho-aldehydo . . . 011(011)^ = X^ , C\OH)^ ..Ortho-acid. 

each substance being derived from the preceding one by conversion of II 
into Oil by direct oxidation. 

During tlio last few W'ceks it- has l)oen shown hy 0]q>cnh('im (Dent. (bom. 
(Ics. Per. V. G81) that by the action of sulphuric acid and pota^smm dieliro- 
mate on the h 5 ^drucarhon(J^,JI^^, obtained ])y heating aniline and tho terpene 
dibroinidc from oil of lemons (Citronenol), there are produced acetic, acid, 
terephthalic acid, and a body, apparently identical with ordinary 

camphor. Hchwanert (Ann. Chem. Ibarm. cxxviii. 77) found tliat oil of lemons 
gave terephthalic acid on oxidation with nitric acid. Inasmuch as hespe- 
ridene has been found to ^ield no appreciable trace of terephthalic acid cither 
by the action of iiitric acid or by that of sulphuric acid and x^olassium diehro- 
inate, it appears that the tcrpcnc of orange-rind and that of the Icinoii-riud are 
not identical ; the results obtained with the mitmcg-oil, however, render it 
not iraprohahlc that the real source of terephthalic acid is eymeno contained in 
small quantities in the hydrocarbon examined, and that mjiny of tho tor- 
pcncs hitherto described are mixtures of two or more hydrocarbons. It 
would be desirable to have this point cleared up both in the case of ordinary 
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turpentine and oil of lemons, as well as other tcrpcncs, as much stress has 
been laid on the production of tcrephthalic acid and of cymene from these 
hydrocarbons and their derivatives. 

The preceding experiments render it probable that the gradual rcsinizing 
which occurs in tcrpcncs on keeping arises from a spontaneous absorption of 
oxygen and the conso(j[Uont formation of the resinous polymcridcs /)),». 

bn treating the lowest hydrocarbon (b.-p. obtained from nutmeg- 

oil in the same way as the hesperideno, precisely the same results were ob- 
tained, with the sole difference that a little tercphtlialic acid was also farmed, 
which was not tlie case witli the orange-hydi*ecarboii. 

The chromi(*. liijuor gave an acid distillate wliich contained acetic and 
probably formic acids ; barium and silver acetates were analyzed, and the 
apparently nniittacked hydrocarbon left on distillation a few drops boiling at 
upwards of 210^, and giving numbers on analysis identical with those given 
by myristieol, by tlio oxidized constituent of orange-oil distilling at 210° to 
2;k)°, and ])y tlm similarly obtained oxidation-] )roduct of hosporideiio just 
described. \Vhcther tlieso four substances arc identical or not cannot be de- 
cided ; but the only dilfercncc noticeable between them was in the matter of 
odour, each one being diiferent from the others in this respect. 

The action of the chromic liquor on tlio higher boiling hydrocarbon of 
nutmeg-oil has not yet been examined. 

4. Adioii of JSitric Acid on NaiiuC[i- mid Ormojc-Tcriicna, — Schwaiiert 
has shown (Aiin.Ch. Pharm. cxxviii. 77) that where camphor and certain other 
analogous substances are treated with nitric acid, there is produced, iniec 
alia, a non-crysiallino acid, camjdinsiak acid, wliich same acid also 

results when certain terpeiies (r. </. Citroncnol) arc oxidized in the same waj', 
Xachler, however, has recently found (Ann. C’h. riiarni. clix. 2Sl) that the 
so-called camphresinic acid from camphor is a mixture, the principal con- 
stituent of which is a crystallizablo acid, to wliich ho gives the 

name camphoronic acid ; this is characterize(l by giving a sandy precipi- 
tate on hoiliivf a neutral solution of its ammonium salt Niilh barium clilo- 
riile, from which precipitate the acid is obtainable. 

On boiling hesperideno with from eight to ten times its volume of a mixture 
of nitric acid diluted with its own bulk of water, a vigorous reaction sets iii ; 
rod fumes and carbonic acid are copiously evolved, and after some time a brown 
resinous sub.staiiee is formed, 'which on further treatment with stronger acid 
mostly heconics soluble ; a small (]nautitv of yellow resinous substance i.s, 
liowevcr, left, mueli resembling the crude tcreplithalie acid obtained by the 
similar ireatment of nutmeg-oil ; this substaiice mostly dissolves in ammonia ; 
but on digesting the dark solution with purified animal chaivoal, tJic whole is 
(jradnalhf absorbed, nitric acid finally giving no ])recipitate whatever in tho 
iiltrate. A portion of tlio filtrate was precipitated before the total absorption 
had taken place ; tlie tritling amount of Hakes obtained gave numbers on 
combustion very far from those required for tcreplithalie acid, and nearly tlio 
same as tlioso given by the yellow resinous substance before treatment with 
ainmonia and animal charcoal. 

Crude yellow resin gave carbon 4()-l llj'drogon.. 4*4 

Ditto partially purified by ebareoal .... 47*7 ,> 4*() 

Tereptlitbalic acid requires 57*8 „ 3*t) 

From this it is inferred that the yellow resin was not tcreplithalie acid, and 
that this body is not produced hy-tho oxidation of hesperideiic by nitric acid 
(nor was it formed with chromic liquor as described in the last section). 



318 


KEPORT — 1872. 


Even tad ttis yellow resin been pure terephthalic acid it would not have 
amounted to more than 0*3 per cent, of the hydrocarbon used. 

The nitric-acid solution was evaporated to dryness, the residue neutralized 
by ammonia, and barium nitrate added in the cold; a copious precipitate 
of oxalate was obtained, from which pure oxalic acid and calcium and silver 
oxalates were procured and analyzed. The filtrate on boiling gave a trifling 
sandy precipitate, which was nothing but oxalate ; no trace of Ivachler’s 
camphor oriic acid could be detected. 

The filtrate was precipitated by load acetate, the copious precipitate well 
washed and decomposed by sulidiuretted hydrogen, and the evaporated solu- 
tion thus obtained extracted with other ; after evaporation a yellow sour 
syrup was obtained, which, on standing for several months over sulphuric 
acid, refused to deposit crystals, but gradually thickened, and finally became 
a semisolid mass much resembling soft tofiy : no crystals could be obtained by 
pressure in blotting-paper. On combustion this gave numbers indicating 
approximat(dy the formula but ditfering considerably from those 

required for either eam])brcsiiiic or camphoronic acids. Converted into cal- 
cium salt a giimniy s:ilt was ol)taincd, which, after drying at contained 
18*1 to CS-5 of calcium. On dissolving tliis in water and precipitating by 
alcohol a calcium salt was thrown down resembling the original one in all 
respects, but containing 20*y per cent, of calcium after drying at iCO^. From 
this it appears that the syruj)y toffy-like acid was a mixture. The isolation 
of the constituents of this mixture has not yet been finished. 

On treating the 103^-104'^ nutmeg-terpeiic in the same way, precisely 
similar results were obtained, with this ditfcrcnco, that the brown resinous 
product formed after the action liad gone on for a short time was converted, 
by longer treatment, into a yellow resin, which, after purification by solution 
in ammonia, treatment with animal charcoal, and precipitation of the nearly 
decolorized solution by nitric acid, furnished a mixture of toluic and tercjdi- 
thalic acids. In one carefally conducted quantitative experiment, 105*8 
grammes of pure hydrocarbon gave 14*0 of a mixture wliicb, on analysis, ap- 
peared to contain the acids in the proportions denoted by ; 

i. e. the mixture was 13*2 per cent, of the hydrocarbon. In other experiments, 
with the mixture of hydrocarbons boiling l>elow 180^ contained in the nut- 
meg-oil, 17 to 18 per cent, of a mixture of and in nearly 

equal proportions was obtained. 

It was found difficult to separate completely the toluic and terejffitbalic 
acids by boiling water or alcohol, in which the latter is much the least soluble ; 
but approximately pure specimens of each acid were isolated and recognized 
by combustion, properties, and preparation of barium salts. 

The nitric-acid solution was found to contain oxalic acid, recognized by its 
properties and the analysis of its calcium salt; tin’s was separated, and the 
filtrate treated in the manner above described ; finally a syrnpy toffy-like 
acid was obtained, much resembling that from hesperidene. This gave 
numbers agreeing with the formula on conversion into calcium 

salt and precipitation by alcohol, a substance was obtained which, after drying 
at 1 60°, contained 20*4 per cent, of calcium The examination of these pro- 
ducts is not yet concluded. 

5. Action of Jly dr iodic Acid on IFcfijwruIene .' — Gaseous hydriodic acid was 
passed into hesperidene till saturated ; the substance remained liquid ; after 
agitation with dilute caustic soda the liquid boiled at near 220°, with partial 
decomposition, and gave numbers indicatii^g the compound mixed 

with some unaltered hydrocarbon. 
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In order to add on hydrogen to hcsperidenc, this crude hydriodidc was 
heated with jdiosphorus and water in a sealed tube at 130^-150°. Much 
phosphine and phosphonium iodide were jiroduccd, and several times the tubes 
exploded ; a polymeride of however, w^as the sole resulting organic 

substance. 

The same result was obtained on boiling with phosphorus the crude 
liydriodido, an inverted condenser being attached. After some time the con- 
tents of this llask were distilled and found to consist only of -f 

the last lew drops in Uni retort boiled at about 250^; boiling alcohol dis- 
solved the fluid sparingly (cold alcohol dissolved only traces). A few drops of an 
oily hydrocarbon deposited on cooling; on combustion this gave carbon 8S*5, 
hydrogen 11*4: total OUd). 

The formula recpilros carbon 88*2, hydrogen 11*8; whence it 

appears that the hesperideno has become polymerized, the boiling-point being 
raised about 75'^. (lladstono has shown that polymerides boil near 

25(j^; the analysis Indicates rather a subtraction than an addition of hydro- 
gen, Cj.Tr.,j recjiiiring carbon SS*7, hydrogen 11*3. 

In the ho])e of obtaining a C,, acid, the hydriodidc was boiled with alcohol 
and silver cyanide for several hours : silver iodide was copiously produced, 
and the liquid ac(piired a peculiar odour recalling that of the nitriles. 

On boiling with alcoholic potash, ammonia and methj'lamiiK* were given off, 
a thick brown carbonized resin w'as fornnal, and, in very smiill quantity, the 
potash salt of aii acid soluble in ether; this acid gave a yello^vish-^Yhite floc- 
culont precipitate with lead acetate : just siifiieicnt of this load salt W'as ob- 
tained for one determination, vliieli gave lead =5“i*0 per cant. Probably 
this was a basic salt; the aiitieipated reactions 


= CAJ 

r,„ii,j+Asrx = c,„ii,,.rx+Af:T 

cjr,XN+L>n/) .... = XII, +c, ,,11. „<■(), on 


indicate the formation of an acid, the neutral salt of which would require 
3()-3 per cent, lead, while the basic salt (0,^11^.0^)^Pb,r])0 would require 
53-7. 

It is proposed to exami no further the questions of the synthesis of acids from 
the dilferent lerpenes, by means of the hydrogen chloride or hydrog(*n bro- 
mide compounds. 


Appendix. — Since the reading of the above Peport, some further experi- 
ments have been made on the oxi.sieneo of cyineiie as a natural constituent 
of Avhat have been hitherto considered to be ]nire tcrpcncs: by treating 
such terpciies with sulphuric acid, the constilnents are polymerized, 

wdiilst cymeno, if present, is mainly unaltered and can be obtained by dis- 
tilling tlie acid liquor in a current- of steam, lly these menus it has been 
found that the lowest -boiling nutmeg-hydrocarbon actually docs contain 
cymenc ; also that cymenc is present in ordinary (»il of turpentine ; on tbo 
other hand, no trace of cjuneiic is contained in hesporidene, a fact the more 
remarkable as ])ure cymenc is obtainable in quantity by ht'ating the product 
of the action of hromiiic on hesperideno, viz. whith splits up thus — 

C,ir.„Br,=21IBr+C,„ir., 

Apparently the cymeno thus produced, that prccontaincd in nutmog-oil and 
oil of turpentine, that derived from cam^ihor and various other varieties now 
undergoing examination arc identical. 
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Tho action of zinc chloride on myristicol yields the same cymono together 
vrith another product. 

The acids obtained by tho action of nitric acid on hesperidono and myris- 
ticene, as described in the above report, have been obtained in the pure 
state, and are represented by tho fornmhe — 


Acid from hesperidene 
Acid from myristiceiio 


Dried 
at 100^ 


Dried over 
sulphuric acid. 

C„n„o.„ 211,0 


It is hoped that a report on these and other points will be presented at the 
next Meeting of the Association. 

C. It. A. 'WiiiGnT. 

St. Mary’.s Hospital, Feb. 28, 1873. 


Report of the Committee^ consisting of the llcv. Canon Tiustuam, 
Professor Newton, II. E. Dresser, J. S. Hartino, and the 
llev. A. E. Harnes, appointed for the purpose of continuing the 
investigation on the desirability of establishing a Close Time for 
the preservation of indigenous animals. 

1. Believing that the time had come for advantageously urging the Legis- 
lature to take further action Avhorcby ibo objects for whicli your Committee 
was appointed might bo promoted, your Committee, after due consideration, 
prci)arcd a Bill, intituled an Act for the Protection of Wild Fowl, which 
being entrusted to the care of !^^r. Andrew Jolinston, M.D., was by him, 
Colonel Tomlinc, M.P., and Mr. Brown, M.P., brought into the House of 
Commons on February loth, and read the first time. 

2. This Bill was ba.sed entirely on the SSea-Birds’ Preservation Act ^ of 
1809, and, miUatis mutuadls only, strictly followed the provisions of that Act, 
which experience has shown to have fully effected the object for which it was 
passed, and to have given very general satisfaction to tlie country at large. 

3. On tho motion for tho second reading of the Iffll in tlic House of Com- 
mons, June 12th, the Hon. Auberon Herbert, M.P., proposed as an amend- 
ment that it was “ desirable to provide for the protection of all wild birds 
during tho breeding-season ; but this amendment, which would have been 
fatal to the Bill, was witlidrawn ; the Bill was road a second time and ordered 
to be committed, June 21 st. 

4. In the debate in the House of Commons on the notice for going into 
Committee, Mr. Herbert moved, according to notice, ‘‘ That it he an instruc- 
tion to the Committee that they have power to extend the protection, given 
under tho Bill to Wild Fowl during the breeding-season, to other wild hirds.'^ 
The House divided: Ayes 20, Noes 15; and thereupon Mr. Herbert moved 
a number of other amendments of which he had given notice; and these being 
accepted by the Hou.so, the Bill, instead of being tho moderate measure con- 
templated by your Committee, became one of general and indefinito scope. 

5. By this means the fate of tho Bill, which had hitherto met with no 
serious opposition, was rendered very uncertain, and notice was given of a 
motion to throw it out ; hut on the report being taken, the Bill, on Mr. John- 
ston s proposal,, was referred to a Select Committee, by whom it was still 
further modified, the ohjections urged against its sweeping clauses being over- 
come by limiting its effects to certain kinds of birds named in a Schedule, 
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while the penalties for its infringement were diminished. In this form it 
went back to the House of Commons, and with a few other alterations finally 
passed that House, and Avas sent to the House of Lords. 

0. In the Upper House charge of the Bill Avas taken by the Earl of Malmes- 
bury, ,'ind, some fault being found with it, its provisions were further altered in 
C^oinrnitteo, a person convicted of a first offence being rendered liable to a repri- 
niiind and the payment of costs and summons only. Thus modified it was re- 
turned to the House of Commons, and has since received Her Majesty^s assent. 

7. Your Conimittoo cannot look Avith unmixod fa\mur oil this measure. It 
appears to tluun to attempt to do too much, and not to provide effectual means 
of doing it. In their former Re})orts they have hinted at, if not expressed, 
the difficulty or impossibility of passing any general measure, Avhich, Avitbout 
being oppressive to any (dass of persons, should be ado(juaie to tlie purpose. 
Further consideration has strengthened their opinion on this point. They 
fear that tliti new Act, though far from a general measure, will bo a very 
inefficient check tn the destruction of tliose birds, which, from their yearly 
decreasing numbers, most refpiire protection, its restraining power having 
boon weakened for the sake of protecting a number of birds Avhich do not 
re(iuirc protection at all. Your (Jomiiuttec have never succeeded in obtain- 
ing any satisfactory evidence, much less any comdneing proof, that the num- 
bers of small birds are generally decreasing in this country. On the con- 
trary, they believe that, from various eauses, many if not most species of 
small birds are actually on tlic increase. The}" are therefore of opinion that 
an Act of Barli ament jiroposing to ])romote their preservation is a piece of 
mistaken legislation, and is mischievous in its effect, since it diverts public 
attemtion from those species Avhich, through neglect, indifference, custom, 
cupidity, or prejudieo, are sufFering a persecution that will in a few years 
ensure their complete extermination. At the same time your Committee are 
glad to state that such ])rotection as is afforded by the new Act will be ex- 
tended to the particular group of birds which in former lloi^rts they have 
shoAvn to re(juir(‘. it most, all the AVild Fowl named in the Ifill prepared by 
your Committee having been included in the schedule of tho Act, It is also 
gratifying to your Coinmittoo to find that the principle of a “ Close Time 
for all birds has been admitted by tho House of (commons, though the appli- 
e.atioii of that principle may at present be inexpedient. Your Committee 
therefore trust tliat the Act Avill not be otherwise tliau beneficial in its results ; 
and though greatly indebted to many noblenKui and gentlemen for tho assis- 
tance tlit'y have rcjidered, your Committee cannot refrain from especially 
thanking Mr. Andrew .lohiiston for the skill and patience he has shown in 
the conduct of the Bill introduced. 

8. Your Committee respectfully suggest that they may bo reappointed. 


Sixth Report of the Committee appointed for the purpose of continuing 
Researches in Fossil Crustacea, consisting of Professor P. Martin 
Duncan, F.R.S,, Henry Woodaa^ard, F.G.S., and Robert 
F]therii)ge, F.R,S. Drawn up by Henry Woobavard, F.G,S, 

Since I had the pleasure of presenting my last Report at Edinburgh, I am glad 
to be able to state that tAvo entire parts (Parts III. and IV.) of my Mono- 
1872. z 
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graph on the Mkrostomata have been printed, and form part of the volumes 
of the Palseontographical Society’s annual fasciculus for 1871 and 1872 
respectively. 

Part III. completes the genus Pterygotits, and contains descriptions and 
figures of: — 

Tterygotm raniceps. Upper Silurian, Lanark. 

taurinus. Ditto, Herefordshire. 

ludemis. Old Red Sandstone, Kington, Ilerefordshire. 

Banksii. Upper Ludlow, Ludlow. 

stylops. Upper Silurian, Kington, Herefordshire. 

— arcuatus. Lower Ludlow, Leintwardine. 

gigas. Dowiiton Sandstone, Hereford. 

problematic us. Upper Ludlow, Ludlow. 

Slimonia acuminata. Upper Silurian, Lc«raahagow. 

Part IV. completes the suborder Eurtpterida, and contains descriptions 
and figures of the following genera and species : — 

Stylonurus Powriei. Old Red Sandstone, Forfar. 

megalops. Ditto, Ludlow. 

— ■ ' SgmondsiL Ditto, llowlestone, Herefordshire. 

ensiformis. Ditto, Forfar, 

scoticus. Ditto. 

Logani. Upper Silurian, Lanark. 

Eurypterus Scoukri. Carboniferous Limestone, Kirkton, Bathgate. 

lanceolatm. Upper Silurian, Lanark. 

- ■ ■ pygmesus. Upper Ludlow, Kington. 

acuminatus. Ditto, Ludlow. 

■ linearis. Ditto, 

— abbreviatus, Downton Sandstone, Kington. 

— hihernicus. Old Red Sandstone, Ireland. 

— Brewsteri. Ditto, Arbroath. 

— — scorpioides. LTpper Silurian, Lanark. 

piinctatus. Ludlow Rock, near Ludlow. 

— ohesHS. Upper Silurian, Lanarkshire. 

Brodiei. Ditto, Herefordshire. 

Hemiaspis limuloides. Upper Ludlow, near Ludlow, 

speratus. Lower Ludlow, ditto. 

horridus, Wenlock Limestone, Dudley. 

Salweyi, Upper Ludlow, Ludlow. 

Two doubtful species of Eurypterus, namely E. mammatus, from the Coal- 
measnres near Manchester, and E, ferox. Coal-measures, Coalbrookdalo and 
Staffordshire Coal-field, have been examined critically ; and with regard to 
E> mammatus, I have also had the great advantage of the assistance and rare 
paleeobotanical knowledge of my colleague, Mr. W. Carruthers, F.R.S. 

A careful examination of the original specimens of E, mammatus has 
enabled me to show that four out of the six specimens known and referred 
by the late Mr. Salter to the genus Eurypierus are plant-^'emains, referable 
to the genus Ulodendron or to fragments of a large Equisetaceous plant, 
and that the two remaining parts appear to belong to Jordan and Von 
Meyer’s genus Arthropleura, a nondescript crustacean (or, more probably, a 
gigantic arachnid), only known at present by a series of obscure frag- 
ments from Saarbruck, firom Manchester, and from Camerton Colliery, near 
Bristol. 

The ornamentation as well as the form of these pieces are totally unlike 
any known Eurypierus, 

Of Eurypierus ferox I am now able to state that it is not a Eurypterid, 
but is referable to Messrs. Meek and Worthen’s American genus Euphoberia^ 
and that it is a gigantic Myeiopod, much larger than our largest tropical 
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living species of Julm or Centipede. This is the second species of MyriopodI 
occurring in the Coal-field of Illinois, TJ.S., which has since also been obtained 
in England. 

Of the Merostomata only the suborder Xiphosura remains to be mono- 
graphed, a task which I hope to comidete during the present year. 

At the beginning of this year I was requested by llobt. Etheridge, Jun., 
Esq., E.G.S. (of tlie Geological Survey of Scotland), to examine some speci- 
mens of Ceratiocaris from Lesmahagow, Lanarkshire. Among them was 
one to which he specially drew my attention, as it presented the novel appear- 
ance of appendages on the underside of the caudal series of segments. These 
consist of gill-like plates depending freely from each segment. They are no 
doubt analogous to those seen in which are supplementary abdominal 

gill-feet. The discovery of these organs hy Mr. Etheridge, which occur also 
in several other specimens, does not in any way alter the position of Ceratio- 
caris, but renders our knowledge of it more complete. 

Since Mr. Salter’s paper “ On Pelioc^tris, a new genus of Silurian Crus- 
tacea,” wa^ published in 1803 (Quart. Journ. Geol. Soc. vol. xix. p. 87), I 
announced a second genus, Discinocaris, in 1806 (see Quart. Journ. Geol. 
Soc. vol. xxii. p. 603), also from the Llandeilo flags of Dumfriesshire. 
Mr. Charles Lapworth, ^fr. J, Wilson, Mr. Itobcrt ^lichie, and others have 
added several fine examples of this typo of Phyllopodous Crustacea. The 
largest of these is a j)ortion of a carapace from Dobb’s Linn, Moffat, Dum- 
friesshire, and appears to agree best wnth JJiscInocnris ; hut instead of being 
a carapace the si/.o of a threepenny piece, like JJiscinocaris Browniana, de- 
scrib('d by me in 1800, this specimen, wnth its characteristic markings, gives 
evidence of an individual 7 inches in diameter. Another specimen of this 
same gigantic rh 5 ’llopod was obtained from Moffat hy llohert Etheridge, juu., 
Esq., E.G.S., of the Geological 8urvey of Scotland. 

An entire carapace (of wliicli three examples have been obtained), from the 
llicearton Beds, Yads Lynn, near Hawick, makes us acquainted with a now 
genus, for wdiicli the name yipfjfchopsis is proposed. 

Ft measures 1] in. in length and LJ in. across. 

The nuchal suture is straight (not semicircular, ns in Peltocaris), and it has 
a well-marked dorsal suture^, wliich again separates it from Disciiwcaris, in 
which the dorsal suture is ahMmt. 

I name this sj)ecies Ai)tjfcho]>sls Wilsoni, after its discoverer. 

Another and more oval-fojined hut ecpially perfect carapace of a smaller 
species, from the Moffat Anlliraeitic Slialcs, measuring 8 linos long hy 7 lines 
broad (having the triangular eejdialic plate in sifn), I have named AptycJiopsis 
Lapv’orfJii, after ^Fr. l.apw’ortli, who has devoted so many years to the inves- 
tigation of the geology of (Jalashiols and ilie surrounding district. 

A tliird s})e(des, very distinct from the foregoing twm, obtained from the 
Buckholm Jfeds (which is finely striated conccntricalH, and is 7 lines in dia- 
meter), I have named Ajttijchopsis glahra. 

There are several otlier examples from this rich locality, including speci- 
mens of Peltoivris ajttjfvJioidis, s])C(‘ics of Dithi/rocaris, Ceratiocaris, and 
portions of the scale-marked integument of Pterpgoiiis. 

1 have lately received from Mr. Thomas Birtwcll, of Padiham, Lancashire, 
tAVO specimens of a ncAV Linuiloid crustacean, in winch all the thoracico- 
ahdominal scgnu'iits are welded together into one piece, as in the modern 
Limulns, but without any trace of segmentation along the margin. 

The head-shield is also smooth, the compound eyes are small, hut the larval 
ocelli arc very distinctly seen, and are almost as largo as in the modern king 

z 2 
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crabs. The specimen is only 8 lines wide and 8 long ; it is remarkably 
convex in proportion to its size. I have named it after its discoverer Frest- 
wichla Birtwelli (see Geol. Mag, 1872, vol. ix. p. 410, pi. 10. figs. 1), 10). 

Another new Limnloid crustacean, specimens of which have been obtained 
from the Dudley Coal-field, ami also from Coalbrookdale, has the five thoracic 
segments free and movable (as in Bel/inums helhdus of Konig), but the 
pleurae are bluntly acuminate, not finely pointed, as in B. hellnhiSy and 
the head-shield is not armed with long and pointed check-spines, as in that 
species. 

I propose to name it Bellinurns Kdn'niiamiSy after the distinguished author 
of the ‘ leones Fossiliiiin scctiles,’ formerly Keeper of the Mineral and Eosvsil 
Collections in the British Museum (see (leol. Mag. 1872, vol. ix. p. 489, 
pi. 10. fig. 8). 

Of foreign Palaeozoic Crustacea, a remarkable new Tribolite (obtained by 
Dr. W. G. Atherstone, of Graham's Town, Capo Colony), from the Cock’s- 
comb Mountains, South Africa, deserves to be noticed here. It is a new and 
elegant species of Encrinurus (measuring 8 inches in length), preserved in 
the centre of a hard concretionary nodule, which has split open, revealing the 
Trilobite itself in one piece and a profile of it on the otliiu*. The profile 
shows that each of the eleven free body-segments Avas armed with a pro- 
minent dorsal spine nearly half an inch in length, whilst the pygidium was 
similarly terminated by an even longer spine, slightly recurved at its extre- 
mity, and all of the spines annulated, as if composed of a large number of 
joints, Encriniiri with two (and in one case even with three) dorsal spines 
have been obtained in considerable numbers, both at Dudley and Malvern, 
and may be seen in Dr. Grindrod’s collection, and in the British !Museum and 
many other places ; but a Trilobite with such an array of long dorsal spines as 
is presented by this African species is very remarkable, and for an Encrlnu^ 
rus quite unique. I have named it after its locality E, crisia-fjalli, which 
is doubly appropriate (see Quart. tTourn. Geol. Soc. vol. xxix. p. 82). 

Among the specimens sent me up by Mr. Birtwell from Lancashire, from 
the Ironstone of the Coal-measures (so rich in organic remains), was one not 
referable to the Crustacea. 

On examination it proves to bo a new and very remarkable Arachnid, 
referable to the same genus as one described by Mr. Samuel Scudder, of 
Boston, TJ.S., from the Illinois Coal-field, under the name of Arcliitarhus 
(see Meek and Worthen’s lieport on the Geology and Palocontology of 
Illinois). 

I have named it Architarh^AS suhovalis (see Geol. Mag. 1872, vol. ix. 
p. 385, pi. 9) . 

This is the second British Arachnid I have lately obtained from the Iron- 
stone of the Coal-measures. 

Tertiary Crnstacea, — Some time since I described two new forms of Crabs * 
from the Lower Eocene, Portsmouth, discovered by Messrs. Meyer and Evans 
in the excavations for the new Docks there. More recently I have received 
a fresh series, from which I have been enabled not only to refigure and to 
fully describe the species named by mo (on December 21, 1870) Bhachio^ 
soma hispinosay and to show both the upper and under side of the male and 
female, but also to record two additional forms, for which T propose the genus 
Litorieola, naming them respectively L. glahra and L. dentata. These do 
not belong (like Rhachiosorna) to the Portunidae, but to the Ocypodidm, or 

♦ Rhachiosoma hispinosa and R. echinata (geo Quart. Joiirn. Geol. Soc. 1871, vol. 
xxvii. p. 91, pi. 4). 
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true shore-crabs, their legs being adapted for running, and their eyes 
furnished with long peduncles* (see Quart. Journ. Geol. Soc. yol. xxix. 
P- 28). 

This series of Crustacea (though they are exceedingly brittle and delicate) 
are remarkable for the perfect state of preservation in which they occur, so 
that we are able in each case to restore nearly the entire animal. Of the 
two new ones, it is interesting to record that they afford evidence of unmis- 
takable land conditions, both of them being shore- dwellers and adapted for 
running on the old muddy and sandy beaches of the pre-Eocene continent. 
The sections still, T believe, open at rortsmoutli deserve an inspection from 
all who arc interested in tlic stratigraphical geology of this seiies of deposits. 

Miocene Cruatneea. — Having been requested by l)r. A. Leith Adams, F.R.S., 
to examine and describe a series of crustacean remains from the Miocene of 
!Malta, collected by him in that island, 1 have done so, and find them to in- 
clude lianina, Portunites, Malay AfergatiSy and perhaps Neptunvs, 

The fScyJJa agrees specifically with the Scylla serraia found in the Indian 
seas of to-d.iy and in the Tertiarics of the Philippine Islands. This is one 
of the species of fossil crabs so largely imported into China as Medicine- 
Crabs ’’ (see Mr. H. Hanbury’s papers read before the Pharmaceutical Society, 
and published in their Journal, February 1802 ei seq.). 

The Panina is distinct from any recorded species, and I have therefore to 
propose for it a specific name. 1 dedicate it to its discoverer (i?. Adamsi), 

The occurrence of these Eastern forms, with the remarkable Echinoderms 
of Asiatic type, in Malta, ch'arly indicate the former extension of an Indian 
fauna as far oast as the ]Medit(‘rranean, if not to our own shores. 

Whilst still pursuing the subject of the structure of the Trilobites, no new 
facta have bcum collected ; but much has been done in the examination of 
larviil Linndua, the substance of which 1 have summarized in a paper read 
in December last before the Geological Society' (see Quart. Journ. Geol. Soc. 
vol xxviii. p. 4()). 

Dr. Anton Dohrn, without (as I think) any very clear reason, proposes to 
separate the XiruosruA and the EruvnEKinA, and also the Tiulobita, from 
tlui (’rustaci'a, on the ground that they do not, so far ns are at present 
a%vare, pass through a !Naui)lius stage ; but the young arc like the parents save 
in the fewer number of their somites. He is, however, unprepared to say they 
a re Arachnids, so that he can only place them in a group intermediate between 
the Arachnida and CVustacea (the Gigantostraka of Hackel). Against this 
cours(' 1 have ])roteRted on the grounds that if we take away the Trilobita from 
the p(‘digr('e of the Grustacea, one of the main arguments in favour of evolution 
to bo deri\ed from this class, so far from being strengthened, is destroyed. 
From Avhat. arc* the Gnistacea of to-day derivi d ? Are we to assume that they 
are all descemded from the Phyllojjods and Ostracods, the only two remaining 
orders whose life-history is (conterminous with that of the Trilohita ? Or are 
wo to assume that tlie Arachnida are the older class ? “ If,*’ as Fritz Midi er 

well observes, “ all the classes of the Arthro})oda ((hustacea, Insecta, Myrio- 
poda, and Arachnida) areiiideial all branches of a common stem (and of this 
thi'rc can scfireely be a d(jubl),it is evident tliat theu ater-inhabitiug and water- 
breathing Griistacea must he regarded as the original stem from which the 
other (terrestrial) classes, with their tracheal respiration, have branched off.” 
(Facts and Arguments for Darwdn, p. llith) 

* Xhidcr the iinino of Gtmioci/jwda EJv'ardsti, I described a true Eocene shore-crab 
from tho Red Marl of the riastie Clay, High Clifl', Hampshire, in December 1807 (seo 
Oeol. Mag. vol. iv. p. 520, pi. 21. tig. 1). 
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The accompanying Table (p. 326) is merely intended as an attempt roughly 
to indicate (according to our present knowledge of the earliest appearance in 
time of the several orders of Crustacea) the most probable manner in which the 
various groii 2 ).s were evolved from a common pre- Cambrian parent-stock. I 
have specially distinguished those which are merely persistent types, but 
incapable of modi fical ion, from those which were capable both of persistence 
and modification ; and these again fiom the inadaptive t 5 ^pes which have died 
out. The aberrant and highly specialized parasitic types appear last in time, 
and mark the culminating point of the Crustacea when conditions prevailed 
more highly favourable to the class than at any earlier period. 


Report of the Committee appointed to organize an Expedition for 
observing the Solar Eclipse of Dec, 12, 1871. 

At their Meeting in Edinburgh in August last, the General Committee of the 
British Association for the Advancement of Science having had under their 
consideration the* great importance of observing the eclipse of 12th of De- 
cember, 1S71, authorized their President, Sir W. Thomson, F.ll.S., to bring 
the matter to the notice of the Treasury, which he did in a letter dated 9th 
August, 1871, stating fully how desirable it was in the interest of science 
that advantage should be taken of this op})oidunity to advance solar physics, 
and explaining in general terms the best methods of carrying them out. 

It w^as suggested in the President’s letter that !Mr. j. Norman Lockyer, 
F.R.S., who had long devoted himself to spectroscopic investigations, should 
form a member of the ex[)edition. 

The President was authorized by 8ir E. Sabine, K.C.B., President of the 
Royal Society, and Mr. Lasscll, President of the Royal Astronomical Society, 
to state to the Treasury their cordial concurrence in the request of the 
Brifish Associjition. 

A most prom])i reply was received to their communication, the Treasury, 
by a letter dated 16th August, 1871, acceding at once to the request of the 
President, and granting a sum not exceeding <£2000 for the purj)ose. 

In the hope of a favourable reply being received from the Treasury, the 
General Committee had, by a resolution at their last Meeting in Edinburgh, 
authorized the General Officers to take such steps as they might deem adnsable 
as soon as possible after the receipt of the Treasury letter. The General 
Officers held a meeting on the 22nd of August; and having in the first 
itistanco requested Mr. Norman Lockyer, F.R.S., to join them in consulta- 
tion, they resolved to appoint a Coramitteo to direct all the necessary 
arrangements. 

To this Committee, as originally constituted, additional members were from 
time to time added. It now consists of the following names : — The President 
and General Officers of the Association, Prof. J. C\ Adams, Sir G. B. Airy 
(Astronomer Royal), Prof. Clifton, Mr. Do La Rue, Dr. Erankland, Mr. Hind, 
Mr. Lasscll (President R.A.S.), Lord Lindsay, Mr. Lockyer, General Sabine, 
General Strachey, Colonel Strange, and Prof. Stokes. 

The Treasury having been good enough to address the Admiralty and the 
War Offi.co requesting their cooperation, the Committee entered into com- 
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mtimcation with these departments and with the Colonial and Indian Officers, 
and have much pleasure in stating that they have had the most liberal and 
hearty assistance from all the departments of Government. 

The first duty of the Committee was to arrange for the dispatch of ijistru- 
ments and instructions to Australia, which it was necessary to do by the mail 
of the 2nd of October. 

By Mr. Lockyer’s exertions, and the kindness of Mr. Huggins in making 
over a camera of Mr. Dallmeyer’s, which the Committee undertook to replace 
within a month, these instruments were all sent off in good time, and reached 
Melbourne with little or no damage. 

The unfortunate result of the expedition to Australia, from had weather, 
is well known and deeply regretted, and need only ho hrielly mentioned. 

The Committee now turned their attention to the selection of the places 
best adapted to observation in India. Very careful inquiries wore made from 
every available source as to the nature of the climate in different parts of 
India on the 12th of December, and in these the Committee received most 
valuable assistance from General Strachey. 

The season was about the middle of the north-east monsoon, making it 
probable that there would bo hno weather on the 'west coast of the poniiisnla, 
but that the weather on the east coast and in Ceylon could not be depended 
upon, the rainy season breaking up in December, but sometimes early in the 
month, but at other times not till nearly or quite the end. 

It was originally ii\tcnded to fix the number of observers at five ; but ou 
further consideration it appeared to the Committee that, because of this un- 
certainty of weather, it was desirable to divide the expedition into as many 
parties as possible; with the very important assistance mentioned in the 
next paragraidis, they were of opinion that it would be feasible, by means of 
the Treasury grant, to purchase the necessary instruments and to j)rovide 
passage -money for ten observers. 

The Pcnitisular and Oriental Company, at the request of the Committee, 
made the most liberal arrangements for freight and passage to and from Point 
de Gallc, and the Admiralty at once communicated hy telegraph wath Admiral 
Cockbum, at Trincomalee, receiving an immedijite reply, stating the frigate 
‘Glasgow ’ 'V\'ould be at Gallo on the 2r>tli of November in readmess to trans- 
port the party to the place of observation and bring them hack again. 

The Governor of Ceylon, in the same liberal niamier, not only placed the 
steamer ‘Screndib^ at the disposal of the expedition, but undertook to give 
all possible assistance in officers and material which might be nc(‘ded. 

After making these arrangements, the Committee appoint'd ^Ir. Lockyer 
chief of the expedition, and Dr. T. Thomson iSecrctary and Treasurer. 

The selection of observers was necessarily difficult. To many higldy qua- 
lified physicists the length of the voyage was an insu])crahlc obstacle; but 
Mr. Lockyer was able to submit to the (’ommittce the following names: — 

1. liev. B. Abbay, 'VVadbaiu College, Oxford ; 2. II. Davis, Esq. ; Ik 11. J. 
Friswell, Esq.; 4. Henry Holiday, Es(i.; o. W. Lewis, Esq.; 0. Captain 
Maclear, R.N.; 7. H. N. Moseley, Esq.; 8. Captain Tuxjiuan, H.M.A. — all 
gentlemen devoted to and well skilled in solar physics. 

To the chief of the expeditioji and to these gentlemen the Committee have 
great pleasure in giving their most cordial thanks for the zeal wliieh led them 
to undertake a long voyage with the sole object of the advancement of sdenec, 
and in expressing their great satisfaction with the way in which the expe- 
dition was carried out. 

Mr. Davis, the accomplished photograidier of Lord Lindsay, undertook the 
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department of Photography ; and the Committee have to express their sense of 
the generous assistance afforded them by that nobleman in supplying all the 
necessary photographic apparatus. 

Mr. Holiday, a skilful artist, who had long been a student of physical 
science, undertook to sketcli the idienomena of the eclipse. 

To the other gentlemen the spectroscopic and polariscopic observ-ations were 
allotted under the direction of Mr. Lockycr. 

Pefore leaving England Mr. Lockycr telegraphed and wrote to Signor 
Respighi, a very eminent Italian astronomer, rccjiicsting him to join the 
party, which, by the liberality of tlie Italian Government, ho was able to do, 
joining at Suez, and rendering most valuable assistance. 

Mr. Lockycr tried fuither to obtain the assistance of several very distin- 
guished foreign Q observers. He communicated with Mr. Young, M. Janssen, 
M. Zdllner, M. Angstrom, Prof. Schmidt, and Mr. Peise ; but from various 
causes none of these gent lemen could join the party. 

The expedition embarked at Southampton on the steamer ‘Mirzapore,’ 
receiving early attention and assistance from Captain Paris, R.T^^.TL, and the 
officers of that ship, wliicli was selected on account of its passing through the 
Suez Canal, so that all risk of injury to the instruments was avoided. The 
party reached Gallo on the 27th of November, fifteen days before the day of 
the eclipse. 

Subject to any alteration which might become needful on the receipt of 
more complete information in Ceylon, Mr. Lockycr had made the following 
arrangements of stations and observers: — 

Ceylon. Triucomalec : !Mr. Moseley. 

Jaffna: ]Mr. Lewis, Captain Tupraan, R.M.A. 

India. Poodoocotta, near Tri clii nopoly : Signor Uespiglii, Mr. Holiday. 

Manual oddy, in Wynaad: R(‘v. Mr. Abbay, Mr. Eriswell. 

Baikul, in Canara: Mr. Lockycr, Mr. Davis, Captain Maelear, 
Dr. Thomson. 

The Ceylon party embarked at once on the ‘ Serendib,’ where they were 
received by Captain Evers, ILE., the Surveyor- General of Ceylon, and Captain 
Hogg, R.E., who had been requested by the Ceylon Government to assist the 
expedition, and both of whom furnished very valuable reports. 

The other paitics embarked on board the frigate ‘ Glasgow,’ whence the 
Poodoocotta party was landed at Beypore, the Wynaad party at Cannanore, 
and the Canara party at Baikul. 

The Committee arc hn]>py to state that the weather was favourable, and 
the observations sneeessfnl at all the stations but one. At !Mannatoddy, in 
Wynaad, the sun was obscured, and the rc'grct with which the Committee 
learned the bad luck of "Messrs. Abbay and Eriswell was enhanced by their 
knowledge tliat the land journey of these observers was one of great hardship 
and fatigue. 

The Committee arc most anxious to take this opportunity of stating that 
the expedition received every possible ivsaistanee from the Viceroy and 
Governor-General, the late Lord Mayo, from the Governor of Madras, Lord 
Naj)ior, and from the Governor of Ceylon, Sir Hercules Robinson, and from 
all the officials of both the Indian and Colonial Governments with whom 
they came in contact. 

They have further to report that the frigate ‘Glasgow’ not having been 
able, owing to its services being urgently required elsewher(% to bring the 
parties back to (ialle and Bombay, the (Jovornment of Madras was good 
enough to assist the expedition, which would othe^^^iso have been in diffi- 
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culties as to travelling expenses from the places of observation to GaUe or 
Bombay, by a liberal grant of .£100, 

In conclusion the Committee have much pleasure in laying before Section A 
an interim report by Mr. Lockyer on the results of the expedition, to bo fol- 
lowed as soon as possible by the full report, which the Koyal Astronomical 
Society have undertaken to publish. 

An interim Report on the Results obtained by the British- Association Eclipse 
Expedition o/1871. Bij J. Norman Lockyer, F.R.S. 

I. New Instruments. 

These were as follows : — 

1. A train of hve prisms to view the corona. 

2. A largo prism of small angle placed before the object-glass of a telescope. 

On these instruments I may remark that the Iloyal Astronomical Society, 

in the first instance, invited me to take charge of an Expedition to India 
merely to conduct spectroscopic observations ; but although this request did 
me infinite honour, I declined it, because the spectroscope alone, as it had 
been used before, was, in my opinion, not competent to deal with all the 
questions now under discussion. Thus some of the most eminent American 
observers had come to the conclusion that the spectrum of hydrogen observed 
in the last eclipse round the sun, to a height of b', was a spectrum of hydrogen 
“far above any possible hydrogen’’ at the sun. Hence it was in some way 
reflected. Now with our ordinary spectroscopic methods it was extremely 
difficult, and one might say impossible, to determine whether the light wdiich 
the spectroscope analyzed was really reflected or not ; and that was the whole 
question. 

It became necessary, therefore, in order to give any approach to hopeful- 
ness, to proceed in a somewhat different way in tlio 1871 expedition, wdth 
regard to the spectroscope, and, to guard against failure, to supplement such 
observations with photographs. 

To understand the method adopted, let us suppose a train of prisms. Take 
one prism out of the train, and consider what will happen if w’e illuminate a 
slit with a monochromatic light and observe it through th(^ prism. If \ve 
render sodium vapour incandescent and illuminate the slit by means of it, we 
get a bright yellow image of the slit, due to the vapour of the metallic sodium 
only giving us yellow light. But why is it that we get a line ? Because we 
employ a line slit. If, instead of a straight lin(‘-, wo have a crooked lino for 
the slit, then we see a crooked line through the prism. Going one step 
further: suppose that instead of a line, whether straiglit or crooked, we have 
a slit in the shape of a ring, we see a ring image through the prism. And 
then comes this point : if, when we work in the la])()ratory, we examine these 
various slits, illuminated by these various vapours, if we observe the corona 
in the same way, we shall get a ring built up by each ray of light w^hich the 
corona gives to us, since we know, from the American observations, that 
there were bright lines in the spectrum of the corona us observed by a lino 
slit ; in other words, the corona examined by means of a long train of prisms 
should give us an image of itself painted by each ray which the corona is 
competent to radiate towards us*. 

These were the considerations which led to the adoption of this new attempt 
to investigate the nature of the corona now in question. It was, to use a 

* After I had thought of this arrangement, and had secured an instrument to carry it out, 
Prof. Young, in a communication to ‘ Nature,’ suggested the same method of observation. 
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train of prisms, pure and simple, using the corona as the slit, a large number 
of prisms being necessary to separate the various rings we hoped to see, by 
reason of their strong dispersion. 

This principle, good ft)r a train of prisms such as I have referred to, is 
good also for a single prism in front of the object-glass of a telescope. Such 
was the method ado])ted by IVof. Respighi, the distinguished Director of the 
Observatory of the (ya])itol of Rome, wlio iicc(xm])iinied the expedition. 

This method, if it suceeeded, would be superior to the ordinary one in this 
way. If we were dealing mendy with .scatter(*d light, then all the rings 
formed by vapours of ecjiial brilliancy at the base of the chromosphere would 
be of the same height ; wliile if such scattering wore not at work, the rings 
would vary according to the actual height of the vapours in the suns 
atmosphere. 

»*h Integrating spO(!troscopes drirett htf cloclcworJ'. 

4. A self-registe]‘ing int(‘gratiiig sp(‘(.*troseope, furnislied with telosc(^pes 
aiid collimators of Larger aperture and large prisms. (This instrument was 
lent by Lr»rd Lindsay.) 

ij. A polaris(_*ope-ti‘li‘sco])e so arranged that the sanu' observer could almost 
simultaneously observe both witli the Savart and the Riejuartz. 

(). A polariscope-tvdeseupe arranged for rapid sweeping round the corona 
at a given distance from moon’s limb. 

II. Tun Main Rnsi i/rs. 

SpiYiroscoj^e OftSt 

It. has been established that the idea that wo do not get hydrogen above 
10" above the sun is (avoneous, for we obtained evidence that hydrogen exists 
to a height of S' or Kf at least above the sun. 

Just as the sun disappeared Ihof. Respighi employed the instrument to 
which I have already relerred to determine the mat(‘rials of which the pro- 
mincucos which were then being eclipsed were composed ; and he got the 
prominences shaped out in red, yellow, and in violet light, a background of 
impure spectrum tilling the tiehl ; and then as the moon swept over those 
prominences they beciune invisible, lie saw the impure spectrum and the 
yellow and violet rings gradually die out, and then three broad rings, painted 
in red. green, and blue, gradually form in the field of view of his instrument ; 
and as long as the more brilliant prominences on both sides of the sun were 
invisible he saw tlii'sc inagniHeeiil rings. 

Thi‘se rings were fornu'd by (J aiul F, which show us that hydrogen 
extends at least 7' higli ; for had we been dealing with mere glare, had we 
not been i/eallnp with htjdrwfen itself, we shnald have f/ot a jpUow rituj as well. 
In addition to th(' red ring and the blue and violet, which indicate the 
spectrum of hydrogen, he saw a bright green ring, much more brilliant than 
the others due to 1474. 

While Prof. Respiglii was observing these rings by means of a single prism 
and a telescope of some 4 inches aperture, some 1^500 miles away from him 
(he was at Poodoeottali and I was at Rekul) I had arranged the train of five 
jirisms. ^ify observation was made intermediately, as it were, between 
the two observations of Prof. Respighi’s. The observations may be thus 
compared : — 

Respighi ..CD’ F G . . . . Prominence at beginning of eclipse. 

Lockyer . . C 1474 FG .... Corona 80" after beginning of totality. 

Respighi . . C 1474 F .... Corona mid eclipse. 
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I had no object-glaBs to collect light, but I had more prisms to disperse it, 
so that with me the rings were not so high as those observed by Respighi, 
because I had not so much light to work with ; but, such as they were, I saw 
them better, because the continuous spectrum was more dispersed, and the 
rings (the images of the corona) therefore did not overlap. Hence doubt- 
less Respighi missed the violet ring which I saw ; but botli that and 1474 
were very dim, while C shot. out with marvellous briUiaiicy, and was 
absent. 

These observations thus tend to show, therefore, that instead of the element 
the line of which corresponds with 1474 existing alone just above the pro- 
minences, the hydrogen accompanies it to wliat may bo termed a great height 
above the more intensely heated lower levels of the chromosphere, including 
the prominences, in which the lower vapours are thrown to a greater height. 
With a spectroscope of small dispersion attached to the largest mirror of 
smallest focus which I could obtain iu England, the gaseous nature of the 
spectrum, as indicated by its stmeUtre (that is, hands of light and darker 
intervals as distinguished from a continuous spectrum properly so called), was 
also rendered evident. 

Photograjplis and Struchtre of Corona, 

The photographic operations (part of the expense of which was borne by 
Lord Lindsay) were most satisfactory, and the solar corona was photographed 
to a greater height than it was observed by the spectroscope, and with details 
which were not ohserved in the spectroscope. l^Ir. Bavis was fm lunate 
enough to obtain five photographs of grevat pcrfi'ction at lh‘kiil, and Captain 
Hogg obtained some at Jaftiia ; hut the latter lack in detail. Tlio solar nature 
of most, if not all, of the corona recorded on tlie plates is established by the 
fact that the plates, taken in different places, and both at th (3 beginning and 
end of totality, closely resemble each other; and much of the exterior 
detailed structure is a continuation of that ohserved in the inner portion, 
independently determined by the spectroscope to belong to the sun. 

This structure I was also enabled to ohserv'e in my fij-inch njuatorial, even 
three minutes after totality was over ; and we may now say that we know all 
about the corona, so far as the structure of its lower brighter levels (that 
portion, namely, which time out of mind has been ohserved ])oth hidbre and 
after totality) is concerned. It may he defined as consisting of cool ])romi- 
nences — that is to say, in this region of the corona we will find the same 
appearances as in prominences, minus the ])rightnoss. \Vc find the delicate 
thread-like filaments which all are now so familiar with in ]>rominonces ; 
the cloudy light masses, the mottling, the nebulous structure, all are abso- 
lutely produced in the corona ; and 1 may add that the fainter portion of the 
ring, some 5' round the sun, reminded me forcibly in parts of the nebula of 
Orion and that surrounding rj Argus, as depicted by Sir John Herschol in his 
Cape observations. 

While both in the prism and the fi]-incli equatorial the corona soomed to 
fonn pretty regular rings round the dark moon, of different lu'ights, according 
to the amount of light utilized by the instrunieiit, on the ]>hot()gra])hic 
plates the corona (which, as T have before stated, exc(‘eds the limils actually 
seen in the instrument I have named) lias very iriH'gulur {ignornj hg the 
spectroscope), somewhat stellate poles — a fact pcrhajis connected with the 
other fact, that the most active and most brilliant prominences i*arcly occur 
there. 
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Sketches, 

From tho photogniplis, in which the corona is depicted actinically, we pass 
to the drawings, in which it is depicted visually. I would first call attention 
to two drawings made by Mr. Holiday, who formed part of the expedition, 
and in whoso eye every one who knows him will have every confidence. 

First, tliere is a drawing made at the cominoneemont of the totality, and 
then a drawing made at th(i end. There is a wonderful difforeiiee between 
these drawings ; t he corona is in them much more extensive than it is repre- 
sented actinically on our plates. 

In another drawing, made by Captain Tu])nian, we have something abso- 
lutely difiereiit fi'om the photographs and from Mr. Holiday’s sketches, inas- 
much as wo get an infinite number of dark lines and a greater extension 
than in the photograidis, though in the main the shape of the actinic corona 
is showm. 

The corona, as it appeared to me, was nothing but an assemblage of such 
bright and dark lines ; it lacked all the struedure of the photographs, and 
appean'd burger; and I have asked myself whether these lines do not in* some 
way dej^end on tho size of the telescope or the absence of a hdescopo. It 
seems as if observations of the corona with the naked eye, or with a tehiscope 
of small power, may give us such lines ; but that wlien w'o use a telescope of 
large ])()wer it will give, close to the moon, the Htrncturc to which I have 
rcterred, and abolish the exterior structure altogether, leaving a ring round 
the dark body of the moon, such as Prof. Itospighi and myself saw in our 
trains of prisms, and I in the fi J-inch telescope, in which the light was reduced 
by high magnification so as to bring tho corona to a definiU* ring some 5' 
high, whih' Ih’of. Ih'spighi, using a 4-ineh telescope, brought the corona down 
to a ring something like 7' high. 

Many instances of ehanging rays, like th«)so soon by Plantaniour in 1S(>(), 
were recorded by observers in whom I have every confidence, one observer 
noting that the rays revolved and disappeared over the rifts. 

Pvlanscojyic Ohst rvations, 

^[r. Lewis, in sweeping round tlio cortina at a distance of some tV or 7' from 
the sun’s limb, using a pair of compensating quartz wedges as an analyzer, 
which remained paralhd to itself when tin' telescope swept round, observed 
the bniuls gradually to change in intensity, then disap])ear, hands of a com- 
plementary character afterwards appearing, thorohy indicating radial polari- 
zation. 

Dr. Thomson, at llcknl, saw strong traces of atmospheric, but none of 
radial polarization, witli a Savart. With the same class of instniraent tho 
result obtained by myself was precisely similar ; while on turning in the 
Biquartz, at the top and bottom of the image of the corona, i, near tho 
sun’s equator, faint trace's of radial polarization were perceptible for a short 
distance from the moon’s limb. Ca])tain Tiqmian, who observed with the 
polariscope after totality, annminees strong radial polarization extending to a 
very considerable distance from tho dark moon. 

Reversal of Lines at hetjinnhuj and ohI of ToUditf/, 

Captain ^faclear, who was observing with me at Bekul for some time just 
before the common ceuu'ut of totality, but when the light of our atmosphere 
was cut off by the interposition of the dark moon, saw a large number of very 
line lines of different heights at tho base of the chromosphere. 
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Mr. Pringle, also at Bekul, saw many lines flash into tho field of an 
analyzing spectroscope, carried by clockwork, at the end of totality. 

Captain Fyers, the Surveyor- General of Ceylon, observing with an inte- 
grating spectroscope, saw something like a reversal of all the lines at tho 
beginning, but nothing of the kind at the end. 

Mr. Fergusson, observing with an instrument of the same kind, saw reversal 
neither at the beginning nor tho end, though during totality he saw more lines 
than Captain Fyers. 

Mr. Moseley states that at the beginning of tho eclipse he did not see this 
reversal of lines. Whether it was visible at the end he could not tell, because 
at the close the slit had travelled off the edge of the moon. 

Prof. Bespighi, using no slit whatever, and being under the best conditions 
for seeing the reversal of tlie lines, certainly did not sec it at the beginning ; 
but he considers he saw it at the end, though about this he is doubtful. 

From the foregoing general statement of the observations made on tho 
eclipse of last year, it will be seen that knowledge has been very greatly 
advanced, and that most important data have been obtained to aid in tho 
discussion of former observations. Further, many of the (lucstions raised by 
the recent observations make it imperatively necessary that future eclipses 
should be carefully observed, as periodic changes in the corona may then 
possibly be found to occur. In these observations the instruments above 
described should bo considered normal, and they should be added to as much 
as possible. 


Preliminary Report of a Committee, consisting of Professor Michael 
Foster, F.R.S., Professor W. H. Flowek, F.R.S., and Peismamin 
Lowne, M.R.C.S.j appointed for the purpose of making Teruto^ 
embryological Inquh'ies. 

Mr. Lowne reported on two forms of Incubators. Ho thought from his 
experiments that to insure success the heat must bo applied above the egg, 
and that the death of all those which he placed in an incubator heated beneath 
was due to convection. 

Death took place in all these cases from rupture of tho yelk-vessels between 
the third and tenth day. 

Other deficiencies were observed in many embryos ; but owing to the im- 
perfect condition of the incubators in use, 3ilr. Lowne was not sufficiently 
satisfied as to their nature. 

Mr. Lowne believed he had adopted a plan of incubator, in which the 
temperature is regulated by an air- thermometer and the lu‘at is applied above, 
which would enable him to arrive at satisfactory results in the course of 
next year. 
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Report on Recent Progress in Elliptic and Hyperelliptic Functions, 
By W. H. L. llussELL^ F.R,S, 

We now enter on the consideration of the Hyperelliptic Functions. I propose 
to divide the subject into four parts, thus : — 

Part I. On the System of Hyperelliptic Differential Equations adopted by 
Dr. Weiera trass. 

Part II. On the System of Hyperelliptic Differential Equations adopted by 
Jacobi, Gdpel, and llosenhain. 

Part III. On the Transformation of Hyperelliptic Functions. 

I hope to add 

Part IV. On certain Theorems not involving the Periods of the Functions, 
with a Supplement to the Deport. 


Part I. On the System of Ihjperelhptk Differential Equations adopted by 
Dr. VVeierstrass, 

We now proceed to explain the discoveries of Dr. AVeierstrass. It will bo 
seen that the form of his hyperelliptic differential c(juations is different from 
that assumed by Jacobi, 0(>})el, and Rosenhain. The object of Weierstrass is to 
solve these e(juations ; and the advantage of his method will be seen when 
we consider that he solves the hyj)crelliptic equations generally, and not for 
a particular case, which is all that (Jopel and Rosenhain had previously 
effected. Weierstrass assumes as follows (Crelle, 47) : — 


■J • 2 v/K(x) ^x-a ; ' ‘ J 

pr(a-) dx pp(0 _Jx r''- pw 

J „ • 2 VlT(7) • 2./l{(:f) + • • • • ■ 2 


&c.=«.tc. 



_dx r\p(.f) 
2Vk(.v) 



P(,>0 dx__ 


where 


and let 
so that 
If 

we define 


l{(j;)=(.r-(r„)(.i--<7.,)(,r~rt,) .... {-v-aj, 
l>(,,')=(.v-<T,)(,r ; 

Q(.c) = (.t:-(T„)(,r-(Tj. . . 
l!(.r)-P(,O.Q{,.-). 

L(,r) = (,v-a',)(,v-.r,). . . .(.r-.v„). 






where d is the greatest number contained in J,a ; 
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al{v.^u^ .... p = v' + (a„- a^) 




«?(«,«,• • • r;^ — ;ri7,.^ “^vr7;r\ f’ 

I (-A) J 

whore the iipj^er or lower sign is to be taken according as a is less or greater 
than />, and where 2 refers to v, and v=l, 2, 3. . . .n. 

Now let 

" V^R(ar)’ 

then 


a _p ^ 

0 12 2v 

K„-K^+K^-....+K^=0, 


for v = l, 2, 3 . . . . a. (Sec Jacobi, Crellc, 13.) 
Moreover, let 

2c -l 2r C^2c 

K =K -K = \ ^r" 


then also we find 


2c -I 2r r^2c 

c=-K^--K:.= J 2(.v-a,^_i) a 7 iC^Tej’ 

^ 2c-l 

_ 2('-2 2f-.l ^^2c-l 

-K =j j7iT(y)’ 


K.= K,i + K.,.+ .. 


+ 

-h 

II 



^v,n *^i., 1> 

••f- 

II 


4 


K =K ,+ .... 

+ K^,n — — 




then the following four fundamental formulae hold good, where wo make use 
of the symbol /5/a to denote zero when a is less than /3, and unity when a is 
greater than ft : — 


a »«— '2a 

..) = 

A ^1, _ 11 


... ( 2 ) 

«Z(w, -K, . . . . )^= 
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We shall now indicate the method by which these formulas are to be 
proved ; it will be sufficient if wo put n=3, which will guide at once to the 
investigation for (n) greater than 3. Let 

(.v-a,Xa;—aJ(a;-a,)(a;—py(^-—(/)X^-ry- 

and put in this equation 
which also necessitates 
and the equation becomes 

(x-aj(.v-aj(x - ;«,)( .r-« J(.f - a J - (.v- o,)(c, + c^.r + 

=(x—x\)ix-x';)(A'-A-\){x-a\){x-.v.;)ix-.v^) (4) 


Putting in this equation successively 07=0?^, a ’3 = .r^, we have 

ti I 

-v/rj: 






%/Itr 


whence 


v'R.i 


1 v' lie, X,x, 


a/1L 




y%’i •%+x’3 

~*'l -«/ (•‘• 3 -XX-'a -•'•.) 

s / IhCg .Tj -|- .1*2 R-llj 


•'>’i + *>’3 




*/R.i* 


+ 


V'lU*. 


^ V'lK 1 

.Ifj— rtj (-l-'i — A’3)(i»’3— It’j) 

Substitute these values in equation (4), and we have, putting at the 
same time a;=u^, 

V {(a, --^'.X",— ^’'^X^, --O} V {K --vOK -■»-.X«. 

K— 

= I .v.-a/(.V2-.r.)(.r3-.r2) 

2 A 
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, (a,-ar,)(a,-ar^) (a, - a?,)(a, - a;J 

(a?, - - a;,) a?, - ‘ (a;, - a;,)(ar, - a;,) 

Hence also 

V { («I - - ^’z) } = ± » «l-«4 V {(",-«,)(«. - «?,)(«! } 

. \^liar V^Rr 


(a7j-rtg)(a7i-ajL>\ ^ 


. (5) 


It only remains to determine the value of V {(^i 
Eor this purpose, let ic\, u\^, u\ be what Wj, become when we sub- 
stitute .v\y for A?j, .-Vg. 

Hence we have from Abel’s theorem, applied to equation (3), (f^== il)» 



civ 

+sl 

p’"’ P.v 

x-a^ 

1 

, 1 ^ 

!V 

t 


Fx 

dec 


P.v 

.r — rt, 

2 v/R 5 ,- 

+ ^ 5 1 

1 

PO! 

(lx 

+ ^.s| 

Fx 


‘ 2 ^/llv 

1 


+ ^7 


= 0. From this it follows that and therefore 

)j=«/(rq + K^, . . . 

Now al(u\ . . . . )i differs only by a constant factor from 
v^(«, - - 0(«, - ^'3) ; 


CO 


hence, comparing (5) and (G), we perceive the truth of (4), where a — 1 and 
/3 = 6. It is easy from this to see that (2) must be generally true, when 

^ ... . 

wo give K, the positive sign. If we give Iv^ the negative sign, we must 
change the signs of e^, f,, Ac. in the equation derived from Abel’s theorem ; 
but this may also be effected by changing the sign of V^K(a?) in the (second 
lino of that equation, and therefore the signs of Vl\,x\ in (5) ; 

hence al (iq-f Kj . . .), a7(Wj-— Kj) are equal, but have opposite signs. But 
now put in equation (3) 

then 


{x - n,)(.r - a;){x - a;){x~ a^){x - - «„) - (.v - + c,.r + 

= (.V - x\)(x - x’^{x - x'^{x - x^)(.v - x.;)(x - xj : 
hence, putting a'=a^,, we see that 

. )("n “ "0 - *'3 ) ^ 
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is constant, or 

aZ(M,+K,.... 

is constant, applying AbePs theorem as before. Hence we see the truth of 
equation (1). 

Section 2. — Hence it easily follows that 




the last formula of course holding good when ft and a are unequal. 
Hence, if 


and 

where /i„, |u, . . 

Also let 
and 


h = hc + h+ 

. are any whole numbers, then 

" iK ,, 1 + w ,K ^ 2+ . . . . + w „K 

io\ = m\K\^ 1 + »'SK'i.,2+ 

where m,^. . m\ are any whole numbers; then we find the two 
following formulae : 

where, when a=0j, must be taken as zero, and 

aZ(«. + 2.’,:. . , - 

in which formula, when a=2H, the multiplier of a?(tq > 2 ,^ is to bo taken 

as unity. 

Section 3. — Let 


a\(u„ =S — 

1 2 Prt 


ZfL 


cLaX(u„ mJ,=S^ 

1 


r.r cLv 

V V 


_ 

which last formula may be written thus : 


(1) 

( 2 ) 






+ 




('*2r-l~'^2i.-l)''^X’V'j' ■ )2i'-l 


( 3 ) 
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Ill this expression the value (c) is excluded from those we successively give 
to 1^. 

To prove this last formula I refer the reader to a formula proved by 
Weierstrass at the end of the first chapter of his memoir in the 52iid volume 
of Crelle’s Journal. Making use of a formula which will he found at p. 312 
of the same volume^ he gives 


1 l\t’ (Lv^ 

. a 

2 — a V Kf 


1-2] 


Frt/ T-a^' 
( Qa^ al\u^ . . ), 




Now substitute in the first member of this equation (^^-'Ctp) — (a — a^) for 
— a, and in the second member — — for ci — a^y expand botli 

members in terms of a — a^j and equate the coefficients of the first power of 
ct — cip on both sides of the expression thus developed, and wo have an equa- 
tion of the form 


where 2' applies to a, the value (3 being excluded ffom the values of a thus 
arising, and q^, certain constants depending respectively on and 
Allowing for the different notation, this formula is equivalent to the equation 
we wish to prove. 

Section 4. — Differentiating equation (3) of last section, we have 


)„ 

du^ 




From this we deduce, by applying formula) (1) and (2) of the first section, 


tin 


d d 

cc\{u^ - K, = ,7- «X(«. -K, . . . . . 


Wo next put 


and also 


, _ pi UK.-, ) 

2c- 1 2c _ 2c- 2 2c~l 

J =J — J /J =J — J 

V, C V Vf 0 V, V V 


• • (A) 


— l + 'f>,,2+ +K,c> 

then the following equation is given connecting the new transcendents : 

d log^ cd(u,, U, . . . . ) a a 21^-1 2;^-l 

d^ + • .). + aXK-K,.. ..V (1) 

If we write it 

fHog . . . . , 2a - 1 2a-l 2v-l -V-1 

^ = '1 - + K, - K, . . . , X+a\{n, - K, . . . . V- 



ON ELLIPTIC AND HYPERELLIPTIC FUNCTIONS. 


341 


and differentiate, we shall have 


^ d 2«~l 2i/-l fl 2v-l 

m:--'-"- 


apply the formula (A), this becomes 


<Phg^al{u^v^....) d d 2^-1 


But 


du dll 

a P 


d 


, - ax(«. 

Also, using formula) (1) and (2) of section 1, 

(4 • ••'>.= • • •)2.-i«^X«r • - Os.-! 

a. 

Viir 


.s’ 


(■«fC-«2a-lX'>V-''2.-l)’A-';) ) 


1 . 


But by a formula (Crelle 47, page 292) proved by Weierstrass in his 
second paper, page 322, wo have 


2i/~l 


■ du, v/ ± k:_‘, -«2.-i)^^''‘ ■ " ■ 

whence 


• •j_Wi 
du, ' 

and 

d .\o?.,ul{u^U^. . . .) 2,_1 






whence wo sec that 


Hr 


du 


-it' , <noK, aX(», (Hog, aX(M, !(,.... ),^j, 


du^ 
and we have 


cc\{u—K^....),= 


du 


du 


(Plog,a/(M,.. ..)2.,-i_'nog,aX(»,H,.. cnog,aX(M,M,.... ),,^_ 


duju. 


+ 


du dll 

V 

^Vi ^V i »yx»v-)2,-i 
«2.-1-«2«-i'«^X«1----)2.-i’ 


This proposition has been proved by Brioschi, ‘ Annnli di Matematioa,’ torn, i., 
in a paper entitled “ Sopra alcunc propiieta dello funzioni Abeliani," Section 4. 
Brioschi, howc'vcr. uses the notation in Weierstrass’s second pai)er. 
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Hence we may manifestly assume, if J be some constant, 

d\og,al(v,u„, , . 2v-i 2y-i 

=J-aX(M, + K,-K,)_,+a\(Wj_K, )^ : 


put in this — K, for n, and we have 

<Zlog,ol(M,W,.. ..)2a_l T .w 


2v~l 2a--l 2u-l 

=J-«X(«.-K.X+«\K-K,-K,. ... V 


Hence, by addition, 


2a— 1 2t' — 1 2a— 1 2^—1 

0 = 2J-a\(i(, + K,-K,)^+aX(u,-K,-K,. . . 

2i/-l 

and this must be true for all values of u: put for K^, and 

2J=a\( K, aX( - K, 

or 

2a— 1 2a— 1 

J=aX( K.,..,X=J^, 

which determine the arbitrary constant, and we have 

/Section 5. — It may bo proved by the help of equation A of last section 
that the expression 

2|/~1 

is a perfect differential. 

Now let us define two new transcendents as follows : — 

(aog,Al(((„ M,. . . .)=-S^{J^+aX(u,-K, )}du^, 

and 

al(u.u^,. . . . 1 

V 1 2 /a A 1 r \ 

) 

Combining these equations together, and making use of equation (1) of last 
section, 

2j/— l a 2v — 1 a 

(Hog. Al(tqw,. J„+aX(M, -K, + K, .... X}du^, 

a a 

Now putting m, + Kj, Mj+K^,. ... for wc have 

d log^ A1 (m, + K,, m^+ K^, ) 

= — S^'{J^+«X(it,4-K, — Kj . . . 


d log, Al(iq4- K, . . . . ) - f/ log, .Vl( » ) 
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also 


= - 2 : Jj 

V 


tHog, «/(«,... )„ 


du 




(Hog, Al^tt, + 2Kj. . . .)— (Zlog^ A1 (m+Kj. . . . ) 




J.+ - 


d log, «/(«,.. .. I 


du 


\.dii , 

J ^ 


or 


d log, Al(«. 4 - 2K, ....)- log, Al(n.H, ....)=- ^^23 ^du ^ ; 
whence we see that 

A1 (n. + i'K, ....)=(- ...)•• . 


( 1 ) 


Put i/j + 2Kj for and remember that 


a p a p P ft P a a P P P o. 

( J.+ J.)(K.+ K,) + K,J, - X,J,= J K,+ J,K„+ 2K/,, 


and we have 




Interchanging a and ft with one another, we have 

X P a p a P a P 


whence 


a P a p 

2tKJ,-J,K ) = 


where /t is an integer. 

Section b. — It may indeed be proved ])y <lireet integration that 


( 2 ) 


a p 


J - J K )= d- - , 

■“V V V V V' 4) > 


(1) 


where the upper or lower sign is to be taken according as a is greater or less 
than ft. See on this subject a memoir by Erioschi in tlie ‘ Annali di Mate- 
matica/ vol. i. p. 12, in which the method of treating theorems of this nature 
by direct int(^gration is fully discussed. 

The folloAving formula) are also true : — 


V 

V 


y 


V, / p. <■' 

... ?'p. c 




-J K’ ,)=0, 

t\ c V.C d » 


1 


>• 




TT 

9* 


( 2 ) 
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It will be sufficient if we prove the first and last of these formulae. The 
first is proved by taking the values of ^ already given in sections 

1 and 4, 


2c— 1 2c 2c'— 1 2c' 2c'— 1 2c' 2o— 1 2c 

2c— I 2c'— 1 2c'— 1 2c— I 2c 2c' 2c' 2o 2e2c'— 1 2c'— 1 2c 2c— 1 2c' 2c'— 1 2c 

=S/K, -K, JJ+ I,(K„J„- K/,) - K^J^) - -K/,)=^0. 

2c-l 2c 0 1 2 3 2c-2 2c-l 

2o-l 2c 0 I 2 3 2c-2 2c-l 

~K +K^-K^+ . . . .K -K.)| 

TT 

""2‘ 


Section 7. — Let now 



. . + ?/i K , 

' n V, H' 


■ • • + 'n^V. n> 

J^,2+ . ■ 


V= ■ ■ 

• • "h *'« ^ y,n '> 


then we shall have 

Al(it. + 2(- ^ . . . . "^AXw, ...),• • • • 

Al(it +2o,\i. . . . (Al(it,, . . .). . . 

We shall prove the first of these formulae. 

We easily deduce from equation (1), section 5, that 

Al(», + 2mK, .... . («. ....), 

where m is an integer. Hence 

Al(«j + 2»«:K, + 2rK,.. . .) = 

^-2S,OTj/«,4-2rK,+K^)^-2£^rJ^(!f^+?-:K^)^^^^ ^ 

^ ^ + rK„ + wK^) K^) } Al( w ) 


(0 

( 2 ) 


- + rJiC "y + + mK^) 


'Al(M|!t ....). 
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In precisely the same manner we shall find, continuing the process, 

Al(Wj + -f 2rKj + . . . . ) 

^ ^ - 22^{ (m 4- -f ^){n^ 4-^K^ 4- 4- s^y) 

_g22^{(»nJ^+i'J„+s3’^)K+»tK^+»-K^+sK^)}^j^^ 

from which we may infer the truth of the theorem. 

Section 8. — Now assume 

^1= +K,^„v„), 

^i= + .... 4*K2,„t'J, 


?(„= ~(K„ iPi 4-K„^2^2H" • • • • +i^N,n^’n) > 

TT 

whence we obtain equations of the form 

t>i = 7r(Gi j'Mi4'Go in^4' • • • • -fG„ lU,,), 
r,=7r(Gi,2’q + G2,2i^4 - .... 4-Gr..3’<n)> 


P« = ’r(G,^,.?q4-Gon^q+ +G„,„tO J 

from these oiiuations we have manifestly 


2K,,a 

2.K,..c« 


V, c 


v', c 


= 1 , 

= 0 , 


2:k..c« 

2K.„,G 


y, c 


v> c' 


= 1 , 

= 0 . 



Then from the first of equations (2), section 6, we have 





■,A.cK.„ 

c') = 0, 


or 

\\K 

's? G T — 


A.ci 

=0, 

or 

S.{K„. 

c2(;'(^I/', V, c' 


.')} 



+ 2.{K, 

e2A,c4'.,.- 



=0. 

But 


y' ^ 





= 2,0,, 

c'2A.A..4- 


vG,,,K 

Vf c'} 




(B) 
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consequently we shall have 

This equation must hold good for all values of c ; wherefore, putting 
we shall have 

^i.iPi + ^2.ii^a + K3 ip,,+ .... +K,, = 

^1, 2ih + ^2, 2^.^ 4- Kg^ 22^3 + • • • -f 2i^n = ^ > 

^l,nPi-i-^2,uP,+ KnP3-^ +K«.n2>u = 0. 

These equations givep^=jP 3 = .... =^,,=0, 
or VG..Ac.-J.-.A.c.-}=0, 

or (1) 

Now if wc put 

C ”” C^^Ci c’ ^ 

S„ ^TTf 

ypV v C|V v>v' 

•r.,, c=C»., c’r. 

then wc shall have 

J ..,c=^c'«r,c'I^c',c> (2) 

c4 Sg/Cj, c'^c' c 

The first of these formulce may be proved thus : 

“"00 S,G^,eJ.-,c=2cG^, 

therefore S„S^G^_ „= 2„S^G^, ; 

that is (see cejuations B), = 2^2^G_,_ „ . K^_ 

or J^,^ = 2„v,,K, ^ whence 

^1* t C Iff c* 

Also, for the second of these formulm, since by equations (2), section 0, we 
have 

'rhcii c and c' are unequal, 

= g, when c and c' are equal ; 

hence SJ 2„(G,, „)j;, - S.(J,, „G^, ,} 
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Hence 


^ . 0 ^, e^v. cW., c 


^ 2 c'+ V^ v, c'> 


or 


This formula may be written thus, by merely changing the letters : 

J;,c = i».c+ 2 . 2 ,(U,.,J„,,K'„,,), 

J'., cK'., o' = I ,J,, ,K'^, ,), 

and ‘ j; J G,, ,+ 2„2,(G,, ,) 

= iG..,eK;,+2„2,(G„,,J,,,K;.,K'.,,.); 
therefore 2/.T' ,, ,K'.,. - j;, ,KV_ .) = ^ 2,(G,, ,K' G.,_ .K',, ,) 

- 2 ,{ 2 ao, ,KV, „ 02 „( J„. ,) - 2 ,(G,,, ^K',, ,) 2 ,( j,, 

= ^ .K',„ , - G.., ,KV, ,). But 2/J'.., , - j;, ,K V, ,) = 0 ; 


hence 


2 /h,oKV,c' = 2 . 0 ,,e-K',,,. 


JSectlon i). — Let us now put 

) = 2 2 then 

V, C 

. . .) = i2A2^G^,/,,^«,«,, 

E(k, + 2,.„ h, + 2u,,,. . . .) = i2„2,2/l,,^J,.^(H,+2,o.,Hu,+ 2a,„) 

= Kj(ap u.^ .... Ug) 4 " ^ ^ ^ 

"L 

N ow 2,(t,, = 2,G^_ »i, 1 + ^ +....) = : 

hence 2^2^2^w^n'^G^^ ^ " 2,,2j.2^w^u^Gj,^ ;* * * 

also “2„2,.2^G^_ = 25f 

E(((., + 2 w,. . . .)=l'X"j- • • + 


( 4 ) 



348 


REPORT — 1872. 


Now let us define a symbol, 

then, when becomes v^-\-2m^Tr . . . ., t«, becomes 

M, + 2(Ki jWi + Kj^ 2»»a + Kj ,j 9»3 + ) = Wj + 2wj , 

and therefore J^(Vj+2m,T, i»j+ 2 )n^ 5 r, + . . . .)=i 

"n)+2s„e/«i+w„)^-2s„e„(«„+w,)^j^^^ ^ ^ 

Efw.M. M„) , 1 , S T ^ 

=g'e ‘ “ A1 (w,m^ .... M„)= ....). 

Section 10. — Let us now recall the values of ^ (section 8) defined by the 
equation 2^^ ^=2^,G^, . n, and let us assume 

K = 1 + 2 + 3 + ’’..S,,, 

and lot us ascertain the values of . , . when v^v .^. . . . become Vj+2ji, 

Vj+ Sj,i, .... Thus M, becomes 

“(^1, l^l + ^l,2^j+ ^1, «*'»)+ “(1^1, A +Ki_25i+ K'l,An)« = 

«. + Ki, i(n2,G,, iK', 1 + r,2A, iK. 2 + ^A^,., iK, 3+ • • • • )i 
+ Ki,o(r,2,0,,3K;. + r,2A.2K\,2 + »- 32 .G.,,.K; 2 + ....); 

+ K,, ,K, 1 + bK;. 2 + r,2,0,. ^K;. 2+ . . . . )i 

+ .... 

=^+(GW.eK;.iKx.,+r,2,,2,G,,^KV,2K,.^+ . . . .) 

— i + r^N'i^2+»’3K'j_g+ .... =u^-}-o>\i, 

so u becomes u,^+w'J, u^, 

We will now investigate the value of 

Jc(v,+ 22,L v,+ 2S./, ) 

E(w, lii/ .or- , n / • 

^Al(t/^ + 2ai U.^~{-2w .j.y ...,). 


Now E(w^+2a>'i, ^l.^+2lo.J .. . . .)=E(u^, . . .) 




*Wyv«cG.. As=‘W^(»’.'K',., + ^KV,.2+r,K',,g4- . . . 
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= (by 1 and 3 of section 8) 

and therefore , + • • • • 

“ 2 ^ 2+ ‘'Pc, 3+ )}«„ 

I 7 * 

=‘\<^'A- n ('•,«, + )-A + r3y, 4- . . . .) = ('Va.- o V.",.- 


Similarly, 


^ ^ O T w' u =i'Si,€' — r V , 

^V^C^IX VtUCtfJ. C V C C V V 


Lastly, 


2 :s ^ a j w = 

O^fJ. V, fX 0, /UL V c 


i + r3KV,,+ r,K',.,,+ .... )(r.K',, ,+ . . . . ) 


=2S/vv 2 

A A If, <*, /X 


= 5SiVV2,{J', ;,K', -,G, 


= 2 { \^’a^ c, a\’^ <;, A’ } 2 ^A^A'^ A A^ c, ; 




Whence we have 

j,(<-.+2a,;, v.^+-2sj, ....)=>/.€. -'==:c‘'c’'o-‘V/v _ 

^-2E,e;(«,+a,V)./t«.«. )a1(„,H3....) 


From this expression, combined with that pven in last section, we may 
develop Jc(v^v,^v^. . . .) in a series of exponentials. Tlie full expression is 
given by Kbnigsberger, Crelle, Ixiv. p. ID. 

Section 11. — Hitherto our investigations have had reference chictly to 
whole periods. We will now investigate some formula) involving half 
periods. 


To determine 


A1(m,-K^.. ..). 


By a former equation, we have 
f? log^ Al(i/. + K, . . ) - d log, Al(w, . . ) = 
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Al(«.+ K, . . . .)=Ce .... )al(u , ....),; 


whence 

A1(«,+2K, . . .)=Ce'^'^-^“'+®'+^‘'^Al(M.+K,. . . .) 


((/(Mj. . ..)„ 


Now put — K^. . . . ; then, since (Crcllo, xlvii. p. 301), 

K“ 

Al(-k,, -k, )=Al(k,, k^....), wohavoCi"'‘'“=l, 


and therefore 


whence 


Al(«j+Kj.. ..)= 


Al(w,-K, ....)= 


-f ^k\ 


A1(m,....)ii/(«i....)„; 


,« ( KA 

Y j 


AlOv... 


We -will next investigate the value tt, a.ssumes when r, . . . . becomes 

u,-M,ir + Vi. (see Crelle, xlvii. p. 305). 

It is plain that becomes 

and a, n • 

=’rVV^'i,e! 

and therefore the required value of «, is being here 0 

orl) 

u,-(«t,Ki_,+»),K,_ 2 +....)+*(r,K'i,i+r,K',_ 2 +.. ..)=«.-X, (Weierstrass, I c.). 


Section 12.— Hence 




E(«,-K, %-K, ) “ 

ff.€ Al(«,-K,.. ..). 


E(«,-K„ «,-K ....) 
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= . . . . m„) - ^ 


+i2AVvA.KA- 


But 

1 + 2+ • • • • i - • • • • )G,, 

= + 2+'”JV;i+ ■ • • ■) 

-*2.{ W.MJ^..('^K;., + rJC',,+p,K',3+ • . ••)}«. 

= 2„ V''/., /'<•■ ~’2 c{»',(J'<-.l )+/-/J’,_ 2- ^t},,2 )+ • • • • }m, 

= 2,(WlJ,^ ,+»^J,.2 + )»A_3+ • K-'S^C'-'iJV, , + »Vt'.,a+ »•/’., 3+ ■■> 

+ ’^{'■.(f^l,l''l + t*2.l’‘.+ • O+I’.tG, 2)/, + G2,3«,+ ..)+....} 


= 2 e H — 'i'Z t H H — !S /* . 

C f c ' ^ V t' I’ 


Again, 


2 2 S G .T K K = 

^V^C^fJ. V, fJi fJi u c 


.{ ,-i2^.^KV, i2,,«.,.K,, X. -'2 /vK; p.} 

= pJo. piv. xK,, X. - /2,2^,«i,r^.2.,2,2/,,, ^K.,, ,K; 

-’Sp\'’»x'»V^^-c^f‘^v, -xJ., p^^'V, p^c. x-^p-p''’p’'p’^^^c^pt>p, pJ., pK'„, pK; p, 

= W,n,m,,X\{VK. pKp, x)J.,p»V, X’- '■SxSp.’Ux'-p.5X2,2pG.,. ^,)K.,_ , 

- pJ.., pl^V, p)B'.. X- - 2p2p./-p>-p.2/2,2pG,_ p)K'p_ p, 


=2^2;,,m^mv2A. x'K., X' -^2;,2p.»n^r^,2„^.l,_ p,- ^ (J,,_ p.^K.,_ ^ 




=2A>n,J,_ , + «i3J,,2+ . . . OC'u.K,, i + ni^K,, 2+ ) 

-i2p(m,K^_ , + TO,Kp, 2+ )('•,•!'„. 1 + ''/'p. 2+''3JV, 3+ ) 

- i2(m,K^_ , + ))i_,lv^_ 2+ )('’iJ'r, I + '■jJ'c, 2+ ) 

C 

— 2(r,JV, i + 'VB,., L'+’’.JV, 3+ )(»'ll^C, i + 2+’'3^'<-,3+ • • • •) 
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+ J A. p'K, , + ^ 2 ,, + 

= 2„e,u, - tSf - »■ S/,w, - 2„e'<,w'<,+ 


ir. 


Moreover 


a 2J(?^-i.K) 

Al(«-K,....)=e ^ ■' "AIK....). 

J-)). Al(tt,. .)„ 

= «” Al(i«,....)„. 

Combining these results we have 

where U = -2<,ec“« + «2«',M^ - 1 - g2,e'„w. 


- 22e',u',+ ^2;^l\S;^+ 2 €,m<,- itt.w,- |2/„o»„+ ^ 2«„w'e+ 2 2c«'c<^<,+ 

Now 2„e><,-2/y,= 

2 <,{(«,K,_ i + i»,K,_ 2 + 3 + . . . . )(r,j;_ i+>;J',, 3+r,J'<,_ 3 + . . . . )} 

-2j{(«t,J^_i+w.A,2+"*/c,3+ • • • j+r^K'^ 2+r,K'^_3+ )} 

= l{m^r^+m./^+ ....)= 

Consequently, substituting this in the preceding formula and reducing, we 
shall have 

U=: — g + 2 ^a0 f therefore 


E(Wi, W3 u^) 


A1(m„ u,.. . 


which is the formula 60, p. 305. 

Weierstrass then shows that wo are able to expand w^ 7 r*f . . .) 

in a series of exponentials. 

Section 13. — The theorems just given contain in fact the solution of what Clobsch 
and Gordan have called the ^ Umkehr Problem,^ as applied to the hyperelliptic 

functions ; for we have already given al{u^, w . .)^= : but 

Al(WjW^. .) 

we have also shown that Al(WjW.^. . . .) depends on • • • )> where v,^ 
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3^3 


arc connected linearly with &c., and * • • • ) expanded in a 

scries of exponentials. Moreover, we now see that depends 

on + . . .), when Jj(i \ — + . . .) can be expanded in a 

scries of exponentials. Hence . . .)^ can be expressed as the ratio of 

two series of exponentials, a theorem equivalent to the well-known sin am 

^ ^ „L 

TT k 0-V 

Section 14. — We shall conclude this part of our subject by p:ivin^ the ex- 
pansion of hyperelliptic functions in terms of divided arguments as given in 
Dr. Weierstrass’s second paper. 


Lot ll(.r)=(.r-<?,)(.r-ff,) 



P(.v)=(a' _ rt (.V— a^), = P(.r)(i,v, 

Q(.r) = (.-i;- a,',)(.v— ir,) (-v—n'^), 

P(.r,) 1 P(.r,) J.r, , 

' V Hr; ■ -r—ri, ' V ItT-; ’ " ' ' V 


^ 2 .r , — a , 


(h\_ 1 

V R.i;' 



V Itr.^ 




P,r 

+ p- 



(J.V 


, 1 P(.v,) d.r, 1 P.r, (Iv, 

’ - . — 4 - ^ I P 

^ VRi\ " V'K.r^ Vllv 




^p p 

civ 


• 1 P e 

Any one of those equations may be written - . __ — chi 

- VKav 

where S applies to /j, and extends from 1 to p, 

Now let .r/, .r^' . . . .r/', .r/' . . . ..r^" . . . be a 

set of mp variables corresponding to the arguments iq', .... iq", iq" 


• •V 


, .rC"'^ (»» bciug aa even number), so that 


1 r.-; , 

^2 .r VRr. 


P.r' 


(h- 


-«i ' Vr.1-" 


: (h(^ . 




P.r^ 


m) 


clr[r^ 


2-.r0'0_«. 


Vr,(-) ’ 


a, Vr. 7 Vuq- -'• 


1 p.>-<’''> c?.7"*> 

V - . . £=: 

Viuf) =■' ’ 


1S72. 


^ScC.rsiSrC., 


2 Tl 
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1 

2y 


Pa;’. 


diV,. 


1 

= dup> So • Z"-^ > 


2 a>,. — a„ V Ejj;' 


M p • 

1 


’2 <-«, 


22 • ■ V ^ ’ 

also let bo a rational and entire function of the N(a?) one of 

the l^th order; also let 

P(.r)M2(c^’) ~ Q(a))W\o^) = n(.r)(/>(A0? where 
n(^) = (a7-A?') (‘^'’-^p)* • • •, 

wo consequently have for (p((t^)f where is one of the roots of r(a7)=0, 

Q(a^W(a^) 

^K) = - 


n(«>) 


"Weierstrass has shown that it is possible to deter- 


mine iv'l, cc 2 i ^ 2 i hypcrelliptic differential equations by 

reversion of series, and that consequently in terms of n[, '^4 • • • • 

— may be expressed by a series 

U(a^) 

But, by Abel’s theorem, 

tq=5=2tj^4-t«i + • • • • 

2 ^ 2 = ^ 2 + ^^2 + • • • • d " 

&c. = . . . . 


. . . . +vS^\ 


Now let 


/ 

ff 

=«i= • • 

II 

S 

II 

— > 

7?l 

1^2 

II 

II 

11 

s 

II 

' — 9 

m 

&C. 

= 




/ 

, . =:n^^) = 

Up ^ 

' 9 

P 

P 

p 

in 


whence the expression for — will become F , , -^V or, 

QK) A* A*/ 

other words, the arguments may be taken as small as we please. 
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Report of the Committee appointed for the purpose of promoting the 
extension^ improvement, and harmonic analysis of Tidal Observa-^ 
tions. Consisting of Sir William Thomson, LL,X)*, F.R.S,, Prof, 
J. C. Adams, F.R,S,, J. Oldham, William Pahkes, MJnst.C.E., 
Prof. IIankine, LL.D., FJi.S,, and Admiral Richards, R,N., 
FR,S. 

Brawn up by Mr, E, Roberts, under direction of the Committee, 

1. The results already deduced from the discussion of tidal observations by 
the method of lumnonic analysis being scattered through several succes- 
sive rcporls, it has been thought highly desirable to collect and rearrange 
them in the present Report for comparison and facility of reference, along 
with the results obtained during the past year. A full description of 
the method pursued in the reduction of the observations is first given in order 
that the results may be more readily understood. The explanation is the 
same generally as that contained in the Committee's first Report ; additions 
and alterations have, however, been made where found necessary during the 
reduction of the observations. 

2. The chief, it may be almost said the only, practical conclusion dcducible 
from, or at least liithorto deduced from, the dynamical theory is, that the 
height of the water at any place may be expressed as tlic sum of a niiin- 
ber of simple harmonic functions^' of the time, of which the periods are 
known, being the periods of certain components of the sun's and moon's 
niotionst. Any such harmonic term will bo called a tidal constituent, or 
sometimes, for brevity, a tide. The expression for it in ordinary analytical 
notation is Acos?j^-f Rsiu 7it; or R cos (nt — e), if A = Rcos e and 11=11 sin e ; 
where i denotes time measured in any unit from any era, n the corresponding 
angular velocity, the speed, as it will henceforth be called for brevity (a 

i) 

quantity such that ^ is the period of the function), R and e the amplitude 

and the epoch, and A and B coefiicients immediately determined from obser- 
vation by the proper harmonic analysis (which consists virtually in tlie method 
of least squares applied to deduce the most probable values of these coctlicients 
from the observations). 

3. The chief tidal constituents in the North Atlantic Ocean, indeed in all 
localities where the tides are comparatively well known, are those whose 
periods arc twelve mean lunar hours and twelve mean solar liours res])ec- 
tively. Those wdiich stand next in importance arc the tides whose periods 
are approximately twenty-four hours. The former arc called the lunar 
semidiurnal tide and solar semidiurnal tide ; the latter, the lunar diurnal 
tide and the solar diurnal tidej. There are, besides, the lunar fortnightly 
tide and the solar semiannual tidc§. The diurnal and the semidiurnal tides 
have inequalities depending on the exccntricity of the moon's orbit round 
the earth, and of the earth’s round the sun, and the semidiurnal have in- 
equalities depending on the varying declinations of the two bodies. Each 
such inequality of any one of the chief tides may be regarded as a smaller 
superimposed tide of approximately equal period, producing with the chief 

* See Thomson and Tail’s ‘Natural Philosophy,’ §§ 63, 6k 

t See Laplace, ‘MtVanique Celeste,’ liv. iv. § IG. Airy’s ‘Tides and Waves,’ § 686. 

J See Airy’a ‘Tides and Waves,’ §§ 46,49; or Thomson and Tait’s ‘Natural Philo- 
sophy,’ § 808. 

§ See Airy’s ‘ Tides and W aves,’ § 45 ; or Thomson and Tail's ‘ Natural Philosophy,’ § 880« 

2 B 2 
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tide a compound effect wliich corresponds precisely to the discord of two 
simple harmonic notes in music approximately in unison with one another. 
These constituents may be called, for brevity, elliptic and declinational tides. 
Thus we have the following schedule of tidal constituents : — 


The lunar monthly and solar annual (elliptic). 
The lunar fortnightly and solar semiannual i 
(declinational) J 

The lunar and solar diurnal (declinational) . 

The lunar and solar semidiurnal . • . . 

The lunar and solar elliptic diurnal . . . 


The lunar and solar elliptic semidiurnal . . 

The lunar and solar declinational semi- 1 
diurnal J 


Speeds. 



Lunar, 

Solar. 

2 

a — •cx 

V 

2 

2<r 

2, 

4 - 

f y J 

\ y 


1 y-2<r 1 

[ y-2., 

2 

b 

I 

2 (y— ij) 


y-f- ff — tar 

" y+ V 

7 ^ 

y— a + m ^ 

y— V 


y — ff — Iff 

y— V 


y — 

, y— 3/, 

4 \ 

1 2y — ff — lar J 

2y— t) 

^ 1 

^ 2y — Sff-^'lff 1 

2y— 3), 

2 

2y 

2y 


4. Here y denotes the angular velocity of the cartli’s rotation, and o-, rj, cr 
those of the moon’s revolution round the earth, of the earth’s round the sun, 
and of the progression of the moon’s perigee. The motion of the first point 
of Aries and of the earth’s perihelion are neglected. The slow vay'iation of 
the lunar declinational tides due to the retrogression of the nodes of the 
moon’s orbit may be dealt \vith, probably with sufheient accuracy, according 
to the equilibrium method. The inequalities produced by perturbations of 
the moon’s motion, other than of evection and variatioyiy are insensible. 
Those perturbations give tidal constituents, which must be included in the 
analysis for all places at which (he range of lido is considerable. The follow- 
ing are the speeds of these perturbing elements for semidiurnal tides : — 


Lunar evection semidiurnal . 
Lunar variation semidiurnal 


2y — (T+ tv— 2^ 
2y — * 07 -}- 2 // 

r o 4 i t'v 



There are also evection and variation diurnal tides, hut which, from their 
nature, must he necessarily very small, and consequently have not hitherto 
been included in the analysis. 

5. There are besides, as Laplace has shown, very sensible tides depending 
on the fourth power of the moon’s parallax*', the investigation of which 
must be included in the complete analysis now suggested^ although for 
simplicity they have been left out of the preceding schedule. The amplitude 
and the epoch of each tidal constituent for any part of the sea is to be deter- 
mined by observation, and cannot be determined except by observation. 13ut 
it is to be remarked that two of the solar elliptic diurnal tides thus indicated 
have the same period, being twenty-four mean solar hours, and also the 
period of one of the lunar diurnal tides agrees with that of one of the solar 
diurnal tides, being twenty-four sidereal hours, and that the period of one 

The chief effect of this at any one station is a ferdmrnal lunar tide, or one whose 
period is eight lunar hours. Values of this have been determined from the tidal observa- 
tions at Liverpool, Ramsgate, Portland Breakwater, &c.] 
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of the semidiurnal lunar declinational tides agrees with that of one of the 
semidiurnal solar declinational tid(‘s, being twelve sidereal hours ; also that 
the angular velocities y — a--f tcand y — cr — w arc so nearly equal, that obser- 
vations tlirough several consecutive years must be combined to distinguish 
the two corresponding elliptic diurnal tides. Again, one of the lunar varid^ 
iion tides has the same period as tlic chief solar semidiurnal tide. This 
would bo of great importance for tidal theory, were it not that its magnitude 
must he so small as to be scarcely sensible. Each lunar declinational tide 
varies from a ininimum to a maximum, and back to a minimum, every nine- 
teen years or thereabouts (the period of revolution of the line of nodes of the 
moon’s orbit). Observations continued for nineteen years will give the 
amount of this variation willi considerable accuracy, and from it the propor- 
tion of the effect due to the moon will he distinguished from that due to the 
sun. It is probaljE tliat thus a somewhat accurate evaluation of the moon’s 
mass may be arrived at. 

t). There arc also shallow-water tides which de])end on the rise and fall of 
the tide, amounting to some sensible part of the whole depth of the water, or, 
which comes to the same, the horizontal velocity of the water being sensible 
in comparison with the veloeitj' of propagation of a long wave through some^ 
considerable ])ortion of the sea which sensibly influences the tides at the point 
of observation. Helmholtz's exjdanatiem e>f (*omponnd sounds, according to 
which two sounds, each a simple liarmonic, having nt for their arguments, 
give rise, if loud enough, lo sounds having for their arguments 
{m — n)t, suggests that the compound action of the solar and lunar semidiurnal 
tides must give rise to shallow-water tides, whose s]K^eds are 2(rr--77) and 
2(2y — (T— rj). The action of the solar or lunar semidiurnal tide alone must 
also (by the case m=^n) give rise to shallow-water tides. The following aro 
the speeds of these compound shallow- water tides which have (with oiio 
exception not yet tried) been found to be sensible at some of the places dis- 
cussed hereafter : — 


Helmholtz compound shallow- 
water tides 


Speeds. 

2(a — i)) 

2(2y— (T — 77) 

2y — 4ff-|-2?; 

2y-|- 2(r — 
2(2y~;^trd- v) 

2(2y4- 


fortnightly, 
quarter- diurnal. 

semidiurnal, 
quarter- diurnal. 


One of the semidiurnal components contained in the above list has the same 
period as one of the variation semidiurnal tides, and is therefore to be held 
accountable for any deviation, wlietlicr of magnitude or of epoch, which the 
tide of this period, calculated from observation, ma)" show from the values 
which might be expected merely from the lunar perturbation alone. 

7. The methods of reduction hitherto adopted*, after the examido set by 
Laplace and Lubbock, have consisted chiefly, or altogether, in avei'aging the 
heights and times of high water and low water in certain selected sets of 
groups. Laplace commenced in this way, as the only one for which observa- 
tions made before his time were available. How strong the tendency is to 
pay attention chiefly or exclusively to the times and heights of high and 
low water is indicated by the title printed at the top of the sheets used 

* Sec * Directions for reducing Tidal Observations,’ by Staff- Commander Burdwooil 
(Tiondon, 18l>5, published by the Admiralty)-, als(> Professor ITaughton on the “ Solar and 
Lunar Diurnal Tides on the Coast of Ireland,” Transactions of the Royal Irish Academy 
for April 1851. 
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by the Admiralty to receive the automatic records of the tide-gauges ; for 
instance, “ Diagram, showing time of high and low water at Ramsgate, 
traced by the tide-gauge.” One of the chief practical objects of tidal investi- 
gation is, of course, to predict the time and height of high water ; but this 
object is much more easily and accurately attained by the harmonic reduction 
of observations not confined to high or low water. The best arrangement of 
observations is to make them at equidistant intervals of time, and to observe 
simply the height of the water at the moment of observation irrespectively 
of the time of high or low water. This kind of observation will even bo less 
laborious and less wasteful of time in practice than the system of waiting 
for high or low water, and estimating by a troublesome interpolation the time 
of high water, from observations made from ten minutes to ten minutes for 
some time preceding it and following it. The most complete system of obser- 
vation is, of course, that of the self- registering tide-gauge, which gives the 
licight of the water-level above a fixed mark every instant. Rut direct ob- 
servation and measurement would probably be more accurate than the records 
of the most perfect tide-gauge likely to be realized. 

8. One object proposed for the Committee is to estimate the accuracy; 
both as to time and as to scale of height, attained by the best self-registering 
tide-gauges at present in use, and (taking into account also the relative 
costliness of different methods) to come to a resolution as to what method 
should he recommended when new sets of observations are set on foot in any 
place. In the mean time the following method of observation is recommended 
as being more accurate and probably less expensive tlian the plan of measure- 
ment on a stem attached to a float, often hitherto followed where there is no 
self-registering tide-gauge. A metal tube, which need not be more than 2 or 
8 inches in diameter, is to bo fixed vertically in hydrostatic communication, 
by its lower end, with the sea. A metal scale graduated to centiraotres (or 
to hundredths of a foot, if preferred) is to bo let down by the observer in tho 
middle of the tube until it touches the liquid surface ; aud a fixed mark 
attached to tho top of tho tube then indicates the reading which is to be 
taken. Attached to tho mcasuriiig-scale must be one or more pistons fitting 
loosely in the tube and guiding the rod so that it may remain, as nearly as 
may be, in the centre of the tube. Tho observer will know when its lower 
end is precisely at the level of the surface of the liquid, by aid of an cdectiie 
circuit completed through a single galvanic cell, the coil of a common tele- 
graph detector,” the metal mcasuriiig-sealo, the liquid, and tho metal tube"*^. 
JW this method it will he easy to test the position of the water-level truly 
to the tenth of an inch. It is not probable that tidal observations hitherto 
made, whether with self-registering tide-gauges or by direct observations, 
have had this degree of accuracy; and it is quite certain that a proper 
method of reduction will take advantage of all the accuracy of the plan now 
proposed. 

0. An observation made on this plan every three hours, from day to day 
for a month, would probably suffice to give the data required for nautical 
purposes for any harbour. It is intended immediately to construct an appa- 
ratus of the kind, and give it a trial for a few weeks at some convenient 
liarbonr; and if tho plan prove to be successful and convenient, it will come 
to be considered whether observations made at every hour of tho day and 

\* Instead of the galvanic detector, an hydraulic method may bo found preferable in some 
places. Tho latter consists in usin^ a stiff tube of half inch diameter or so, instead of tho 
KOiid metal measuring-bar, and testing whether its lower end is above or below the level of 
the water by suction at the upper end.] 
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night might not, all things considered (accuracy, economy, and sufficiency for 
all scientific wants), be preferablo to a self-registering tide-gauge. 

10, One of the most interesting of the questions that can be proposed in 
reforcnco to the tides is, how much is the earth’s angular velocity diminished 
by them from century to century ? The direct determination of tliis amount, 
however, or even a rough estimate of it, can scarcely bo hoped for from tidal 
observation, as the data for the quadrature required could not bo had directly. 
Hut accurate observation of amounts and times of the tide on the shores of 
continents and islands of all seas might, with tho assistance of improved 
dynamical theory, be fully expected to supply tho requisite data for at least 
a rough estimate. In tho mean time it may be remarked that one very 
important point of tho theory, discovered by Dr. Thomas Young and inde- 
pendently by Airy*, affords a ready means of disentangling some of tho 
complicacy present^^d by tho distribution of the times of high water in dif- 
ferent places, and will form a sure foundation for the practical estimate of a 
definite part of the whole amount of retardation, when tho times of spring- 
tides and nca})-tides are better known for all parts of the sea than they are 
at prcseijt. To understand this, imagijie a tidal s 2 )heroid to be constructed 
by drawing an infinite number of lines i)erpendicular to the actual mean sca- 
Icvcl continued under tho solid parts of the earth which lie above the sea- 
Icvcl, and equal to tho spherical harmonic term or Laplace’s function, of the 
second order, in tho development of a discontinuous function equal to tho 
height of tho sea at any point above tho mean level where there is sea, and 
equal to zero for all tho rest of the earth's surface. This spheroid we shall 
call, for brevity, the mean tidal spheroid (lunar or solar as the case may be, or 
lunisolar when the heights due to moon and sun are added). The fact that 
the lunar semidiurnal tide is, over nearly the whole surface of the sea, greater 
than the solar, in a greater ratio than that of the generating force, renders it 
almost certain that the longest axes of tho mean limit idal and solitidal 
spheroids would each of them lie in tho meridian from the disturbing 
body (moon or sun) if the motion of the water were unopposed by friction ; 
or, which moans tlio same tiling, that there would be on tlie average of the 
whole sens, low water when the disturbing body crosses tho meridian, were 
tho hypothesis of no friction fulfilled. Jlut, as Airy has shown, the tendency 
of friction is to advance tho timc.s of low and high water when the depth and 
shape of tho ocean arc such as to make the time of low water, on the hyj)o- 
thesis of no friction, be that of tho disturbing body's transit. Now the well- 
known fact that tho spring-tides on the Atlantic coa.st of Europe are about a 
day or a day and a half after full and change (the times of greatest force), 
and that through nearly the whole sea they are probably more or less behind 
these times, which Y'oung and Airy long ago mai itaii ed to be a consequence 
of friction, would prove that the crowns of the luiii<idal spheroid are in 
advance of those of tho solitidal spheroid, and therefore that those of the 
latter arc less advanced by friction than those of the former. It is easily 
conceived that a knowledge of the heights of the tides and of the intervals 
between tho spring-tides and tho times of greatest force, somcwl at mon' 
extensive than wc have at present, would afford data for a rough estimate 
of the proper moan amount of the average interval in question — that is, of tho 
interval between tho times of high water of the mean lunitidal and mean 
solitidal spheroids. The whole moment of the couple retarding the earth's 
rotation, in virtue of tho lunar tide, must be something more than that calcii- 

* See tbo colleeted works of Dr. Thomas Y'oung, vol. il. No. LTV. (London, 1855, John 
Murray), and Airy’s ‘ Tides and Waves,’ §§ 45‘>, oil. 
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lafccd on tlio li 5 ^pothesis that tho obliquity of the mean lunitidal spheroid is 
only equal to the hour- angle corresponding to that interval of time. 

11. We know, however, but little at present regarding the actual time of 
the spring-tides in different parts of the ocean ; and it is not even (piite 
certain, although, as Airy remarks, it is extremely probable, that in the 
southern seas they take place at an interval after tho full and change, 
although it may be at a less interval than on the Atlantic coast of Europe. 
There must be observations on record (such as those of Sir Thomas Maclear 
at the Ca 2)0 of Good Hope, which Staff-Commander Eurdwood showed to 
Sir W. Thomson in the Hydrographical Office of the Admiralty) valuable for 
determining this very important clement for ports on all seas where any 
approach to a knowledge of the laws of the tides has been made. 

To collect information on this point from all of the world will be 

one of the most interesting parts of tho work of the Committee. 

12. Another very interesting subject for impiiry is the lunar fortnightly, 
or solar semiannual, tide, tho determination of which will form part of the 
complete harmonic reduction of proper observations made for a sufficient 
time. The amounts of these tides must be very sensible in all places remote 
from the zero line^ of either northern or southern hemisphere, unless the 
solid earth yields very sensibly in its figure to the tide-generating force t* 
Thus it has been calculated that if the earth were perfectly rigid, the sum of 
the rise from lowest to highest at Teneriffe, and simultaneous fall from 
highest to lowest at Iceland, in the lunar fortnightly tides, w'onld amount to 
4‘5 inches. Tho preliminary trials of plans for harmonic reduction referred 
to below, make it almost certain that hourly observations, continued for a 
sufficiently long time at two such stations as these, would determine the 
amount of tho fortniglitly tide to a fraction of an inch, and so would give 
immediate data for answering, to some degree of accuracy, the (piestiou how 
much docs the solid earth really yield to the tide-generating force ? 

13. A beautiful synthesis of the complex dynamical action to which tho 
semidiurnal tides arc due, imagined by Laplace, will be used in this Report 
to enable us to avoid circumlocution. A number of ideal stars (“ astres 
fictifs arc assumed to move, each uniformly in the ydane of tho earth’s 
equator, with angular velocities small in comparison with that of the earth’s 
rotation, so that the period of each relatively to the earth is something not 
very different from tho lunar or solar twenty-four hours. Each one of the 
approximately semidiurnal tides (§ 3) is produced by one alone of these 
ideal stars. 

14. Ono of tho ideal stars is what is commonly called in England tho 

mean sun,” being that point of the celestial sphere in the plane of the earth’s 

equator whose hour-angle is equal to moan solar time : for brevity we shall 
call it S. Another of them might be tho ‘‘ mean moon ” similarly defined 
(called M) ; but, to allow the same Tables (§ 10) to be used for the reduction 
of tidal observations of different years, we shall take it as a point moving in 
the plane of the earth’s equator, with an angular velocity e(iual to the mean 
angular velocity of the moon, and set at 0^*0 for its honr-anglo at the com- 
mencement of any scries of observations J. 

Himilarly K might be the first point of Aries, but, for the same reason, will 

♦ Tlioinson and TaiOs ‘Natural Philosopliy,* § 810. 

t “ On tho Kigidily of the Earth,” W. Tliomson, Trans. R. S., May 1802; or Thomson 
and Tail’s ‘ Natural Philosopliy/ §§ 832-840. 

t Other hour-angles to those here given were first used, but not proving of any practical 
utility, tho above woro substituted for them, simplifying to some extent the ultimate cor- 
rections depending on these assumptions. 
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be taken as a x^oint in the x)lanc of the carth^s equator, set so that its hour- 
angle is 0°*0 at commencement. 

0 is an ideal whose right ascension increiiscs twice as fast as that of 
the mean moon, and which is also set with 0^ 0 for its hour-angle at com- 
]uencemciit. L and N are ideal stars whoso rates of increase of right as- 
cension are respectively greater than, and less than, that of the mean moon, by 
a dilfcrcnce equal to half that of the mean moon relativel)' to her iK'rigce. 

lt>. (leneral Scliedule of the diurnal, semidiurnal, terdiurnal, and short- 
period shallow-water tides, which have been included in the analysis, show- 
ing sx)eeds in degrees per mean solar hour, and i)ci iods in moan solar hours : — 


Diurnal 


Distin- 

^ ^ 


guisliing 

8]>ecds- 

Periods. 

Letters. 

0 

h 

H 

y — tj—l y 0000000 

24*0000 

li 

T 

r 

y- 27 /-i 4 - 95893 i 4 

24*0659 

K 

y = I 5 0410686 

23'9345 

JNl 

14*4920521 

24*8412 

L 



N 



0 

13*9430356 

25*8194 

J 

y-|-<T-Wr-. 155854433 

23*0985 

Q 

y — 3(T-j“'ar — 1 3*3986609 

26*8684 

X 



V 




/iorl 

2MS/ 



Terdiurnal 


S 

M 

Speeds. 

0 

Periods. 

h 

3 (y_ff)^ 43 - 476 i 563 

8*2804 

MS 




;iMS 


Semidiurnal 

Speeds. 

— ^ 

Periods. 

0 

h 

^(y v) ~ 30*0000000 

12*0000 

-7—^ — 300410686 

1 1*9836 

i>- 3 ./ = 29 - 95893 I 4 

12*0165 

2y— 30*0821372 

I 1 *9672 

2(y — <t) --28*9841042 

12*4206 

2y — (T—XD*=: 29* 5284788 

12*1916 

2y — SfT-f XP 28*4397296 

12*6584 


2y — <T 4 - -w — 2?; = 29*4556254 
27 — 3^7 — * 05 * 4 - 27 ; — 28 5125830 

12*2218 

12*6260 

2(y_2(T4-r;) = 27*9682084 

12*8718 

2(y-f(T— 2 7/) = 3 1*0158958 

1 1*6070 

Quarter-diurnalXMiallow- 

■water) 

Speeds. 

0 

4(7 — 7 ;) = 60*0000000 

Periods. 

h 

6*0000 

4 (y-a)- 57 * 9682 o 84 

6*2103 

4(y-.^rT-.D;') = 5 ^’ 984*044 
^6*9523128 
4 iy d-arr — j 7 /) = 6roi 58960 

61033 
6*321 1 
5*9001 


I -d'mrnal (sliallo\Y-\A at or) 


Speeds. l^criods, 

o 

S 6(y — »;)” 90*0000000 4-0000 

M 6(y-o)=^87-9523i26 4-1402 


J -diurnal (shallow- water) 


Speeds. Periods. 

o >» 

8(y — )D== 12^0*0000000 3*0000 

8(y — (T) = 1 16-9364168 3*1052 


10. It t denote time reckoned in mean solar hours from the commencement 
of any set of observations, 

yU (y— ■I'J— s'")'* (y— 
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will be the hour-angles of the ideal stars. These have been calculated by 
successive additions for each integral mean solar hour of the year, and 
subtraction of 360 every time a number exceeding 360 has been reached ; 
and the results have been tabulated. Preceding each hour-angle, the num- 
ber Avhich, multiplied by 15, most nearly agrees with it has been written. 
The following is a specimen page for one day of the Table thus formed ; — 



s 


E 


T 




K 

(y 

- tl)t 

(y 

-iny 

(y-|ij)if 

(y 

- 2 n)t 


y< 

h 

0 

h 

0 

h 

0 

h 

0 

h 

0 

o 

0 

0 

0*00 

0 

0*00 

0 

O'OO 

0 

0*00 

1 

IS 

I 

1502 

I 

14-98 

I 

14-96 

1 

15*04 

2 

30 

2 

30-04 

2 

2996 

2 

* 9 ' 9 » 

2 

30-08 

3 

4 S 

3 

45-06 

3 

44*94 

3 

44 ’ 8 8 

3 

45*12 

4 

60 

4 

6o*o8 

4 

59-92 

4 

5984 

4 

60- 1 6 

5 

75 

5 

75 'ii 

5 

74-90 

5 

7479 

5 

75*21 

6 

90 

6 

90-13 

6 

8988 

6 

*975 

6 

90-25 

7 

los 

7 

105-15 

7 

104-85 

7 

IC4 71 

7 

105-29 

8 

120 

8 

120-17 

8 

119-83 

8 

119-67 

8 

120-33 

9 

135 

9 

13519 

9 

134-81 

9 

134*63 

9 

135*37 

lO 

ISO 

10 

150 21 

10 

14979 

10 

149*59 

10 

150-41 

11 

165 

1 1 

165-23 

II 

164-77 

II 

164-55 

1 1 

165*45 

12 

180 

12 

180*25 

12 

•79 7 5 

12 

179-51 

12 

180-49 

13 

19s 

13 

195-27 

13 

•9473 

13 

194*47 

13 

195*53 

H 

210 

14 

210*29 

14 

209-71 

14 

209-42 

14 

210*57 

IS 

225 

15 

225-32 

15 

224*69 

15 

224-38 

15 

225*62 

i6 

240 

16 

240*34 

16 

239-66 

16 

239*34 

16 

240*66 

17 

255 

17 

255 ' 3 <^ 

17 

254-64 

17 

254*30 

17 

255*70 

i8 

270 

18 

270-38 

18 

269 62 

]8 

26926 

18 

270 74 

19 

285 

19 

285-40 

19 

284*60 

19 

284*22 

19 

285-78 

20 

300 

20 

300-42 

20 

299-58 

20 

299*18 

20 

300 82 

21 

315 

21 

315*44 

21 

314-56 

21 

314*14 

21 

315*86 

22 

330 

22 

3 3 ^' 4 ^> 

22 

329-54 

22 

329*10 

22 

330*90 

23 

345 

23 

345 48 

23 

344*52 

23 

344*05 

23 

345*94 

S 


M 


L 


N 


0 

(y 

-rjy 

(y 

— ( T)t 

(y- 


(y- 


(y 

- 2 a)t 

h 

0 

ii 

0 

h 

0 

h 

0 

h 

0 

0 

0 

0 

O’OO 

0 

O'OO 

0 

0*00 

0 

0-00 

I 

15 

I 

14-49 

1 

14-76 

1 

14-22 

I 

13*94 

2 

30 

2 

28-98 

z 

29-53 

2 

28-44 

2 

27-89 

3 

45 

3 

43-48 

3 

44-29 

3 

4266 

3 

41-83 

4 

60 

4 

5 T 97 

4 

5906 

4 

56 88 

4 

55*77 

5 

75 

5 

72-46 

5 

73-82 

5 

71-10 

5 

69-72 

6 

90 

6 

86-95 

6 

88-59 

6 

85*32 

6 

83-66 

7 

105 

7 

101-44 

7 

103-35 

7 

99*54 

7 

97 ' 6 o 

8 

120 

8 

115*94 

8 

1181 1 

8 

113-76 

7 

111-54 

9 

135 

9 

130-43 

9 

132*88 

9 

127-98 

8 

125*49 

10 

150 

10 

144-92 

10 

147-64 

9 

142 20 

9 

139*43 

11 

165 

11 

159-41 

n 

162*41 

10 

15642 

10 

i 53'37 

12 

180 

12 

173-90 

12 

177-17 

1 1 

170-64 

II 

167-32 

13 

195 

13 

188*40 

13 

191-94 

12 

184-86 

12 

18126 

14 

210 

14 

202*89 

14 

206*70 

13 

199*08 

13 

195*20 

15 

225 

14 

217*38 

15 

22 I *46 

14 

213-30 

14 

209-15 

16 

240 

15 

231-87 

16 

236-23 

15 

227 52 

15 

22309 

17 

255 

16 

246*36 

17 

250-99 

16 

241*74 

16 

237-03 

18 

270 

17 

260*86 

18 

265-76 

17 

255-96 

17 

250-97 

19 

285 

18 

275*35 

19 

280*52 

18 

270*18 

18 

264-92 

20 

300 

19 

289*84 

20 

295*28 

19 

284*40 

19 

278-86 

21 

315 

20 

304*33 

21 

31005 

20 

298-62 

20 

292-80 

22 

33Q 

21 

318-83 

22 

324-81 

21 

312*84 

20 

306-75 

23 

345 

22 

333 ' 3 » 

23 

339*58 

22 

327*06 

21 

320*69 
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s 


J 


Q 


\ 

(r 

- vi)t 

(y+<r— or)/! 

(r- 

■ 3 {T •+*' 50 ')^' 

(y— 

h 

o 

h 

0 

h 

0 

h 

0 

O 

O 

0 

0*00 

0 

0-00 

0 

O’OO 

1 

15 

I 

1559 

I 

13-40 

I 

14*73 

2 

30 

2 

31-17 

2 

26*80 

2 

29-46 

3 

45 

3 

46-76 

3 

40*20 

3 

44-18 

4 

60 

4 

62-34 

4 

53*59 

4 

5X-91 

5 

75 

5 

77'93 

4 

66*99 

5 

73-64 

6 

90 

6 

93*51 

5 

80-39 

6 

88-37 

7 

105 

7 

109*10 

6 

93 79 

7 

103-09 

8 

120 

8 

124*68 

7 

107-19 

8 

1 17-82 

9 

135 

9 

140-27 

8 

120*59 

9 

132-55 

lO 

150 

10 

J 55-85 

9 

333 99 

10 

147-28 

1 1 

165 

II 

171-44 

10 

147*39 

1 1 

16201 

12 

180 

22 

187-03 

1 1 

16078 

12 

176-73 

U 

195 

14 

202-61 

12 

174-18 

13 

191-46 

14 

210 

15 

21 820 

13 

187*58 

14 

206' 1 9 

15 

225 

16 

23378 

13 

200*98 

15 

220-92 

i6 

240 

17 

24937 

14 

214-38 

16 

235-65 

17 

^55 

iS 

264-95 

15 

227-78 

17 

250-37 

i8 

270 

19 

280-54 

16 

241*1 8 

18 

265-10 

19 

285 

20 

2961 2 

17 

254 57 

19 

279*83 

20 

300 

21 

3II-7I 

18 

267-97 

20 

294-56 

21 

315 

22 

327*29 

19 

28 1*37 

21 

309-28 

22 

330 

^3 

342-88 

20 

294-77 

22 

324-01 


345 

0 

358'47 

21 

308-17 

^3 

33*74 



s 


V 


or 2 MS 


MS 

(r- 

-r))i 

b 

1 


( y - 


(r- 

^(7 — 

h 

0 

h 

0 

h 

0 

h 

0 

0 

0 

0 

O'OO 

0 

O’OO 

0 

0*00 

I 

15 

1 

14 26 

I 

13*98 

1 

14*75 

2 

3 ® 

2 

28-51 

2 


2 

29-49 

3 

45 

3 

42-77 

3 

41*95 

3 

44-24 

4 

60 

4 

57-03 

4 

55-94 

4 

58-98 

5 

75 

5 

71 *28 

5 

69-92 

5 

73*73 

6 

90 

6 

*554 

6 

83-90 

6 

88 48 

7 

105 

7 

99 79 

7 

97 *9 

7 

103-22 

8 

120 

8 

114-05 

7 

11 1 -87 

8 

11797 

9 

13s 

9 

I 28-31 

8 

125-86 

9 

132-71 

10 

150 

10 

142-56 

9 

139-84 

10 

147 46 

1 1 

165 

10 

1 56-82 

10 

>53 83 

1 1 

162*21 

12 

180 

ii 

I7I *08 

1 1 

167-81 

12 

176-95 

13 

195 

12 

185*33 

12 

181-79 

13 

191-70 

14 

210 

13 

199*59 

13 

195-78 

14 

206-^4 

IS 

225 

14 

213-84 

14 


15 

221-19 

16 

240 

15 

228*10 

15 

223*75 

1 6 

23594 

17 

255 

16 

242-36 

16 

23773 

T 7 

250*68 

18 

270 

17 

256-61 

17 

251-71 

18 

265-43 

19 

285 

18 

270-87 

18 

265-70 

19 

280-17 

20 

300 

19 

285-13 

»9 

279-68 

20 

294*92 

21 

315 

20 

299*38 

20 

293-67 

21 

309-67 

22 

33 ^ 

21 

313-64 

21 

307-65 

22 

324-41 

23 

345 

22 

327*90 

21 

321-63 

^3 

339-16 
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s 


2 SM 


:iMS 


3 SM 

(r 

-tl)t 

(y-\-(T-2n)e 

(y- 



h 

0 

h 

0 

h 

0 

h 

0 

o 

0 

0 

0*00 

0 

0*00 

0 

0*00 

1 

'5 

1 

15-51 

1 

14*24 

1 

15*25 

2 

30 

2 

31-02 

2 

28*48 

2 

30*5* 

3 

45 

3 

46-52 

3 

42*71 

3 

45-76 

4 

60 

4 

62*03 

4 

56*95 

4 

6102 

5 

75 

5 

77*54 

5 

71-19 

5 

76-27 

6 

90 

6 

93*05 

6 

85*43 

6 

91-52 

7 

105 

7 

108*56 

7 

99-67 

7 

106-78 

8 

120 

8 

124*06 

8 

113-90 

8 

122-03 

9 

135 

9 

139*57 

9 

128-14 

9 

137*29 

lO 

150 

lO 

155-08 

9 

342-38 

10 

152-54 

11 

165 

1 1 

170-59 

10 

15662 

1 1 

167-79 

12 

180 

12 

i86-io 

1 1 

170*86 

12 

183-05 

13 

195 

13 

2oi*6o 

12 

185-09 

n 

19S-30 

14 

210 

14 

217*1 1 

13 

199*33 

H 

113-56 

15 

225 

16 

232*62 

H 

213*57 

15 

228-81 

16 

240 

17 

248-13 

15 

227*81 

16 

244-06 

17 

25s 

18 

263*63 

16 

24205 

17 

259*32 

18 

270 

19 

279-14 

17 

256*29 

18 

274*57 

19 

*85 

20 

294*65 

18 

270*52 

'9 

189-83 

20 

300 

21 

310*16 

19 

284*76 

20 

305*08 

21 

3^5 

22 

315-67 

20 

299*00 

21 

320*33 

22 

33 ^ 

i 3 

34>'7 

21 

313*24 

22 

335*59 

^3 

345 

0 

35668 

22 

317-48 

23 

350-84 


17. We will now describe the method of reduction pursued, in the first 
place confining ourselves to the statement of what was actually done for 
the year 1864 and the harbour of llumsgatc. 

A datum-line 10 feet below the previously supposed mean level was 
chosen*, and the height of the curves marked by the self- registering tide- 
gauge was measured from this datum-line in feet and decimals of a foot for 
each integral mean solar hour of the year, and entered in the Table. A 
period of 369^ 3*^, or rather more than a year, was taken avS being to tlie 
nearest hour twelve and a half lunations or twenty-five periods of spring- 
and neap-tides, and therefore giving a least possible amount of infiuence of 
the mean lunar and solar semidiurnal tides, each on the sets of averages used 
in the calculation of the other. 

This period has been used for the evaluation of the whole of the remaining 
Bhort-period tide-components contained in the previous schedule, with the 
exception of the elliptic diurnal and semidiurnal tides, for which the follow- 
ing periods were chosen for similar reasons : — 

Lunar elliptic semidiurnal iides (L and N) 358‘' 6''. 

Lunar evection semidiurnal tides (\ and r) 34 9‘^ 22*'. 

Lunar elliptic diurnal tides (J and Q) 37U^ 5’'. 

18. These averages were taken according to the following rule : — Lirst for 

the S tides, twenty-four means of the heights at 0^, 2'*, .... 23^ of S hours 

(or ordinary mean solar time) were taken. Next for the tides, twenty- 
four averages were taken of heights grouped similarly according to the ISl 
hours. In thus averaging for the M tides every height which was recorded 
at a time within half an M hour before or after O’" M time was taken ns if it 
had been observed at M time, and so for 1’‘, 2’*, 3*', of the M time. 
The proper correction on this was applied afterwards, as will he described later 

* The true mean level for the year 1804 was found to bo 10’102 above this datum-lino, 
or T92 of a foot higher than was supposed. 



tidal observations. 


363 


(§ 24). Other averagings were performed according to the same rule for the 
K, L, N, &c. reckonings respectively each averaging giving a group of 
twenty-four means. 

19. The next stop was to find for each of those sots of averages the coeffi- 
cients Aj, Bj, Aj, B^, &c. of the harmonic formulae, 

Aq-I-AjCos n^-fBjSin nt 
+ Aj cos 2n^ -f B^ sin 2n^ 


4* Aj, cos + B^ sin Sn^, 

n denoting, as in § 2, the rate of increase of the hour-angle for each case ; 
for instance y for the K tides, y— <r for the M tides, and so on. The condition 
to be fulfilled is that the values of this formula calculated for <=0, ^=1 , , , 
^=23 may agree as nearly as possible, on the whole, with the twenty-four 
numbers of the group (the sum of the s<piares of the difFcrcnccs to be a 
minimum*). The tabular forms and rules given by Mr. Archibald Smith, 
and published by the Admiralty, for the harmonic reduction of the deviation of 
ships* compasses, have been adopted mutatis muiandh, and have proved very 
convenient. 

20. If, instead of including only seventeen coefficients, A^^, A,, B^, 

A^, B^, tho calculation had been extended to A,,, B,^, A,.^, so as to include 
in all twenty-four coefficients, the cahmlated values would necessarily have 
agreed with the twenty-four numbers given by observation. But there was 
no apparent probability that any thing more than aceirlontal irregularities and 
errors of observation could he represented hy higluT terms than A^, B^, and 
therefore these wore the highest included. The following Table exhibits the 
results of this process fin* six series, the remaining series presenting similar 
features. Tlie columns headed “ ditfereiices ” ]>reserve tho roNiducs, however, 
and may he referred to should further study of the subject indicate that use- 
ful results are to he derived from them. The greatest of them is *055 of a 
foot, and the maxima in ejich column arc only from to of a foot. 


Values of Aj, Bj, A^, v^c,, to first Approximation. 



s 

K 

L 

]^I 

N 

0 



(r) 


(y-a) 


(r--M 

A. 

+0*0231 

—0*20^2 

—0*0305 

+ 0*0223 

+ 0*0181 

-0*2963 


—0*0255 

—0*0236 

-0*0120 

-0*0058 

+0*0048 

+ 0*0687 

A. 

+ »‘ 559 * 

-0*4540 

— 0*2276 

-4-3176 

+ 0*8191 

— 0*0904 

B, 

+o- 99 i 3 

—00061 

+ 0*2669 

+ 4 - 5°37 

-0*7342 

— 0*0007 

A, 

+o*oo86 

+0*0037 

— 0*0096 

— 0*0138 

— o'oeoS 

— 0*0073 


+ 0*0004 

+ 0 coi 5 

+ 0*0093 

+ 0*0408 

+ 0*0111 

+ 00078 

A. 

+0*0295 

— 0*0127 

-00457 

- 0*5443 

— 00094 

+ 0*0030 


+ 0*0009 

— 0 *C 02 I 

— 0*0927 

— 0*0878 

— 0*0122 

+ 0*0034 

A. 

0*0000 

-0*0051 

— 0*0023 

+00032 

— 0*0013 

+0*0022 

u, 

+0*0029 

+ 0*0072 

+ 0*0046 

+ 0*0019 

+ 0*0052 

— 0*0074 

Ae 

+0*0017 

— o*oco8 

— 0*0050 

— 0*1 132 

-0*0287 

— 0*0062 

Ba 

4-0*0068 

+0*0027 

—0*0079 

— 0*1 114 

— 0*0024 

+ 0*0040 

At 

4o*ooo8 

+0*0030 

— 0*0056 

+ 0*0021 

-0*0022 

4-0*0202 

Bt 

+0*0046 

— 0*001 I 

+ 0*0043 

— 0*0031 

— 0*0004 

— 00084 

A, 

+ 0*001 I 

+ 0*0058 

— 0*0421 

+ 0*0295 

+ 0 004S 

— 0*0057 

Bt 

+o*oci8 

-0*0033 

+ 0*0312 

— 0041 6 

-0*0001 

+0-0C73 

A» 

10*1988 

10*1989 

10*1843 

10*1992 

10*1853 

10*1971 


♦ According to Laplace s method of “ least squares,” 
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(. y - v ) 



(r) 


Calculated. 

Observed. 

Difference. 

Calculated. 

Observed. 

Difference. 

(1) 

( 2 ) 

(l)-( 2 ) 

(1) 

( 2 ) 

(l)-( 2 ) 

11*8234 

I 1*8231 

4-0*0003 

95336 

9 ' 53*4 

— 0*0048 

12*0992 

12*0976 

4-0*0016 

95944 

9*5886 

4-0*0058 

11*8255 

11*8226 

4-0*0029 

97901 

9*7940 

— 0*0039 

111414 

11*1528 

— 0*0114 

10*0467 

10*0470 

— 0*0003 

10*2454 

10*2413 

4-0*0041 

10*2872 

10*2825 

4 -0*00^7 

9 * 344 * 

9*3386 

4-0*0056 

10*5013 

10*5077 

— 0*0064 

8*6403 

86455 

— 0*0052 

10*6300 

10*6250 

-f 0*0050 

8*3404 

8*3371 

4-0*0033 
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(r-i(r-W) (y~<r) 

* 


Calculated. 

Observed. 

— V 

Difference. 

Calculated. 

Observed. 

■' s 

Difference. 

(1) 

(2) 

(l)-( 2 ) 

(1) 

( 2 ) 

(l)-(2) 
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(7-2(r) 


Calculated. 

Observed. 

Difference. 

Calculated. 

Observed. 

•*“*N 

Difference. 

(1) 

(2) 

(l)-(2) 

(1) 

(^) 


10*9849 

10*9688 

+0*0161 

9*8166 

9*8427 

—0*0261 

10*5382 
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—0*01 19 

98 190 

9-7823 

+0*0367 


21. Ill the iiveragcs for any one of the S, K, L, M, N, 0, &c. tides ex- 
plained above, the intluonce of each of the others is nearly eliminated because 
of the greatness of tlic uumber of periods (roughly 300 and 720) of each in 
the series of observed heights included in the summations. The choice of the 
approximate period 3(50^ 3‘b as explained above (§17), makes as little as 

Table op Compauative Mean Solak and Mean Lenaii Hours. 
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possible of tlio mutual influence of the two largest tides, tlie lunar and solar 
semidiurnal tides, in tbe two averagings performed to determine these two 
tides. But the incommensurability of the periods renders it impossible to al- 
together escape, in the direct syntlicsis for any one tide, the influence of the 
others. Accordingly, the coefficients A^, Bj, &c., shown above, are to bo 
regarded as first approximations in the mathematical solution of the problem. 
The next step followed was to find corrections upon each summation for the 
influence of the tides determined by the other summations, these corrections, 
for a second approximation, being calculated on the supposition that the first 
approximate values of A^, B^, A.^, &c., already found, are correct. Auxiliary 
Tables for performing this process have been formed for use along with the 
other Tables (one being given as a specimen, p. 367) ; but the ultimate correc- 
tions found from them, after very considerable labour, affected the terms which 
represent genuine tide -components in so small a degree that their use has since 
been discontinued. The S, K, L, ^1, K, and 0 tides for Itamsgate, 1864, were, 
however, so corrected, and the corrections thus formed arc here given. 

22. The corrections are to bo subtracted from the values of A^, B^, A^, &c,, 
to first approximation, and arc as follow : — 

Table of Corrections of the 6x16 Coefficients A^, B^, (fee. 
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Yalues of Aj^, B^ 

A^, &c., to second Approximation. 
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^ 23. The values A^, in columns S and M express the mean solar semi- 
diurnal and mean lunar semidiurnal tides. 

A^, B.^ of column K express the luni-solar declinational semidiurnal tide. 

A,^, B^ of columns L and N express two constituents of the lunar elliptic 
semidiurnal tide. 

A_^, B^ of column 0 express zero tolerably wclP. 

Aj, Bj of columns K and 0 express the two constituents of the lunar 
diurnal tide. 

Ai, B^ of column S express one constituent of the solar elliptic diurnal 
tide. 

A^, B of column !M express one constituent of the lunar elliptic, diurnal 
tidet. 

A^, Bj of columns L and N possibly depend on the elliptic lunar diurnal 
tides, but will no doubt be found a better ap]>roximation to zero wlien cal- 
culated by the average of several years. There is no tide corresponding 
strictly to them, 

B, are, as they ought to be, very good approximations to zero in all 
the columns except M. Their values in this column constitute, probably, a 
genuine expression of the terdiurnal lunar tide [not included in the pre- 
ceding general schedule (§ 3) Imt referred to in § 4], investigated by 
Laplace as depending on the fourtli power of the moon’s 2 )arallax. 

Aj, B^ express shallow-water tidcsj derived from tlic huiar semidiurnal 
tide, according to precisely the same dynamical principle as that by whicli 
Helmholtz lias explained the overtones generated in very loud sounds, even 
when the source of the sound is a simple harmonic motion. There ought to 
be no sensible tide expressed by A^ and in column L ; and the comparative 
largeness of these numbers is probably an accident, owing cither to errors of 
observation or tlic imperfection of the system of combination adopted, or a 
chanco concurrence of disturbance duo to wind etc, 

Aj, Bj in almost every column approximate remarkably well to zero ; and 
even their greatest values (those of column 8) express merely a deviation 
of of a foot (or 0*3 of an inch) on each side of the mean level. 

A,j, B^^ may be considered as insensible for every column except M, for 
which they express, as they ought to do, an undoubtedly genuine shallow- 
water tide, being the second harmonic (as it Avero overtone) of the lunar 
semidiurnal tide. 

A^, B^ are very good approximations to zero in all the columns. 

A^, B^ in column express probably a genuine, thougb very small, 
sliallow-Avater tide, the third harmonic of the lunar semidiurnal tide. There 
is a very good approximation to zero in all of the other columns. 

It is interesting, with reference to the mode of reduction Avhich has been 
adopted, to remark to Iioav nearly zero the comparatively largo values of 
A_, B^ in column 0 and A, , B^ in column L of the lirst approximation are re- 
duced by the corrections found in the second approximation explained above. 

24. Selecting from the preceding Tabic the coefii incuts, which arc each 
probably a genuine tide, and applying tlic proper corrections (Kverett, Hoy. 
8oc. Edin. Trans. 18G0), Avliicli arc the following : — 

* There being no theorolical tide of tlic period eonvspoiidijig to tlieui. 

t Being the resultant of the two whoso spoeds are y — or+xsr and y — o’ — 'tsr, inasmuch 
fts for a single year tlie etl’eet of tlie may bo neglected. 

I It is this term that makes the whole resultant tide rise faster tlian it falls, as is 
generally observed in estuaries and other localities separated from the oceans by consider- 
able spaces of shallow water. 

1872. 2 c 
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Augmenting factor. 

Ajj 13| *oo2S 

Aj.K -0115 

*0262 

ApB'j ‘0472 

AcA \ *1107 

As, Bg *2092 

to take account of tho circumstance that the mean height for each hour has 
been taken Tirtually for the height at the middle of the hour, we find cor- 
rected valuesifor the coefficieiits (A, B), from which wo have the following 
amplitudes and epochs, according to notation of § 3 : — * 
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25. The hour-angles of the ideal stars having boon assumed to bo each 
equal to zero at the commencement of the observations, the previously 
found epochs (cj, &c.) have to bo corrected for this assumption in order 
that tho tide-components may be referred to the tme positions of the ideal 
stars. Tho correction to be added to the epoch of the diurnal tides will bo 
equal to the true hour-angle of the ideal star at the commencement of tho 
observations. In the semidiurnal the correction will bo equal to twice tho 
hour-angle, for the terdiurnal three times, and so on. The longitudes of 
the sun and moon and of the lunar perigee used in getting tho true hour- 
angles will necessarily be their mean longitudes. In addition to the above 
six series, others have since been analyzed and included in the schedule. 
The amplitudes and the corrected e2)ochs of the whole arc as follow : — 

Yr. 1864. Aq®* 10’ 1988 ft. Average inclination of moon’s orbit to earth’s equator (I) ®=20°'3. 


S M L N MS 2 SM SMS 

(y-j/) (y-o-) (y--i(r-^-cr)(y-i(7-t-J'nr)(y-l(T-i;;)(y4-or-27j)(y-3(T+4f?) 

<>'0373 

3i3°'4^ 

^2 1*8772 6-3078 0*3856 1T126 0*1445 

339°'43 i86"-28 3io°-3i z 6 f'oz 

B3 0-0448 ...... 

^3 53"'59 i.l... 

0-0315 0-5771 0-3332 0*0276 

^4 4''‘^9 i^5°'35 335°'03 

Bg 0*0268 0-1771 

27^-04 I22°-00 

Bg 0*0599 . 

43“-3+ 
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K 

0 


(r) 

(r-20 

0*2070 

0*3008 


ioo°-75 

99 ''•34 


0*4279 


<^3 

io “-55 



P X 

0*0730 

262°*58 

0*1785 

i69°'97 


V ^ at 2MS 

(r-f (r-Ser+tj) 


0*3526 02639 

328°o5 83°*79 


2G. In tlic determination of tlic long-period tides the mean height of 
the tide for each solar day, ?. c. the mean of the twenty-four hourly heights 
as originally taken from the diagram-sheets, must be taken. This will give 
oG5 means in an ordinary year ; in leap year the last mean must be disre- 
garded, the subsequent equations being adapted for only 365 means. It 
will be necessary to clear the means thus obtained of all undue lunar in- 
fluence, inasmuch as the periods ol the lunar tides are not commensurable 
witli the solar twenty-tour hours. In practice the tide-components evaluated 
from the series named, for brevity, M, IN’, and O are generally found to be 
the only ones which have any sensible elfect* The necessary correction to 
be applied to these means, on account of the semidiurnal tides of M and N, ia 


11^ sin 12>i 
24 sin ! 11 


X 


cos €,), 


and for the diurnal tide of 0 


It, , sin 
— X j - X 
24 sill pi 


cos (af-e,), 


whore nt is the hour-angle of the ideal star at the time corresponding to the 
mean of the times for which the heights have been given. If the observa- 
tions of the tide-heights have been commenced at noun, then the mean of the 
times for the flrst day will correspond to 1 1 1 hours of that day. The values 
ot (ut— e) for each ideal star (^1, X, and 0) having been found for 111 hours 
of tlie first day, tlicu the values for succeeding days will bo found from those 
of the flrst day by addition of the respective daily variations of nt. Tho 
first part of the formula will form a constant for each tide, and the correc- 
tions are found by multiplying these constants into the cosines of the re- 
spective values of (nt — e). The mean height, minus the sum of these correc- 
tions, will give the purified mean for each day. The next step is to take 
the mean of the 3(>r) purified daily means, and to subtract the purified daily 
mean of each day from the menu height thus found. This will give 365 small 
diflerences (termed hereafter c/0, and it is on tliese differences that the cal- 
culation for the long-period tides is based. 

27. Tho value of Ih for each day is assumed equal to tho following 
formula ; — 


A cos ((T— -1-B sin ((T— tCT)^ 
q-Ccos2<7^ 4-lfsiu2«7^ 

-f C' cos 2((T~-»;);'f D'siii 
4* E cos Tjt 4- F sin rjt 

4- G cos 4-11 sin 2rjf, 

in which 


A and E express the cocfli(*ienis of tho lunar monthly elliptic tide, 

lunar fortnightly declinational tide, 
lunisolar synodic fortnightly tide, 
solar annual elliptic tide, 
solar semiannual declinational tide. 

2 c 2 


cr 

E 

G 


D' 

F 

H 
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The equations are solved by the mothod of least squares — thatis, the values 
of are multiplied by the respeetivo values of co^ (<r— sin (V— tcr)^ 
cos 2(rt, sin 2(rt, dee., and the products added together. The left-hand compo- 
nents of ton equations are thus formed. The right-hand components will be 
constant for each year— that is, on the assumption that the value of nt is O'^-O 
at the commeucement of the year. The following formnlue have been calcu- 
lated, giving the values of the coefficients for the right-hand components of 
the equations on the above assumption : — 
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28. These equations, solved by successive approximaiions, give the follow- 
ing values of the coefficients for Kamsgate, 1864:*— 

ft. 

^ Z q]o-oz96 } coeflicjcntB for the lunar monthly tide (elliptic), 

Rf = 00316 

j) Z^Q.Qjy^ I coefficients for the lunar fortnightly tide (declinatioual), 

R~ 0-0331 6=56^*83. 

p'—— 0*0508 } coefficients for thclunitolar fortnightly shallow-water tide (synodic), 

E. = 0*0960 c='2H*’-93. 

F ~ — o-j^2i 6 } coefficients for the solar annual tide (elliptic and meteorological). 

R = 0*1270 e = 253°'20. 

d =-f-o'0225 1 coefficients for the solar scniianniial tide (declinational andnictcoro- 

II =:-fo-07i3 J logical?). 

R ~ 0-0748 € = 72°-48. 

20. The epochs of those long- period tides have also to be corrected on 
account of their phases having been each assumed equal to zero at the com- 
nicnccnient of the observations, or, more strictly, at the time corresponding to 
the mean of the first twenty-four hourly observations. The amplitudes require 
no augmentation. The amplitudes and corrected epochs arc as follow: — 


Speed (<r— tr) 

ft. 

R 0-0316 

c 45*^09 


Long-period Tides. 
2(r 2 ((t-~?7) 

ft. ft. 

0-0331 0*0960 

268°-29 207^-85 


1) 

ft. ft. 

0*1270 0*0748 

180^*97 288°*02 


The reduction of the Ramsgate observations, so far as at present discussed, 
consists in the analysis of the year 1864 only. 

30. A series of tide-records, taken near the entrance of the George’s 
Rocks, Liverpool, has been supplied, on application, by the kindness of the 
board of the Mersey Rock Estate. The heights through about twelve hours 
each, during a few interruptions in the tide-curve (caused by the accidental 
stopping of the clock <fcc.), have been inferred from the tide-diagrams of the 
self-registering tide-gauge at Helbrc Island, at the mouth of the Rcc. 

The following years have been selected and analyzed in a manner quite 
similar to that previously described for Ramsgate. It should have been 
stated that the epochs of the tide-components for Ramsgate, Liverpool, and 
also for Rortland breakwater, hereafter desenbed, have been referred to the 
meridian of Greenwich, Greenwich mean time having been used in tlio 
records of the observations. 


31 

. Liverpool (Lat. 

53 ^ 40 ' N., 

Long. 0 ^' 

20 “ AN'. 

of Greenwich). 

year ... 

1857 - 58 . 

1858 - 50 . 

. 1850 -C) 0 . 

1 see * 07 . 

1807 - 08 . 1808 - 60 . 

18 Gt)- 70 . 


ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

Ao = 

16-7192 

16-8208 

16*8289 

16*8998 

17*0862 

17*4877 

17-1350 

!♦== 


27°-9 

27°*0 

i 8°-4 

1 8^*4 

i 9"-3 

2 o '^-6 


* I is the average inclination of the Moon’s orbit to the Earth’s equator, or the mean 
mdxim'um declination, for the period, 
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S. Speed of semidiurnal 2(y— >?). 


‘ . . I — 



1857-58. 

1858-59. 

1859-60. 

1866-67. 

1867-68. 

1808-69. 

1869-70. 

B, 

0*0453 

69°*93 

o'o696 

59-78 

0*0844 

S^'-SS 

0*0470 

39‘>*04 

0-0349 

66°*i8 

0*0399 

10I0'28 

o - oiy 6 

ii4°'38 


3*2149 

11^*78 

3*3*24 

I1°*I2 

3-I938 

ioO*o8 

3 * *304 
ii '"*63 

3*0990 

3*1217 

ii°*88 

3*0516 

i 3°-63 

B, 

«4 

0*o6i2 

o'o6oo 

330^*18 

0*0476 

294*73 

0*0475 

3'4“'32 

0*0678 

327'^-u 

0*0640 

2980*49 

0*0508 

3I2°'6i 




M. Speed of semidiurnal 2(y — a). 






1857-58. 

1858-59. 

1850-00, 

1866-67. 

1867-68. 

1868^69. 

1869 ~70; 

B, 

‘‘i 

0*0192 

332°*J9 

0*0626 

266°*69 

0*0092 

770*47 

0*0396 

358°*02 

0*0194 

259^*28 

0*0603 

3220*82 

0*0841 

3170*18 

B, 

9*6745 

3260-10 

9*8124 

325°-45 

9*8930 

3230-99 

10-2713 

325°'55 

10*2648 

3260*85 

10*1210 

3280*38 

10*1443 

3290*40 

B, 

0*1053 

33 oO’ 6 o 

0*0984 

3150-04 

0*1525 

3210*71 

0*0862 

33S°'27 

0*1022 

327°'43 

0*1158 

3240*76 

0*1014 

3i3°’^3 

B. 

r. 

0*6847 

220°’34 

0-6573 

217068 

0*6371 
221O 30 

0-7648 
224°' 1 9 

0-7238 

2220-50 

0*7018 

2230*68 

0*7196 

2270-87 

B„ 

fo 

0*i8i2 

34i°-76 

0-1 8S7 
3480*21 

0*2093 

343°‘‘7 

0*2057 
343'^ 80 

0*1936 

348° 52 

0*1888 

353°'9i 

0*2200 

3°'47 

K, 

*a 

0*0582 

2620*38 

o*o8o8 

2780*17 

0*0658 

2S9°'39 

0*0667 

282^*09 

0-0670 

2800*89 

0*0665 

2950*60 

0*0770 

i93°'5o 




MS. 

Speed (4:y-- 

2^-2;;). 




1857-58. 

185<S-59. 

1850-GO. 

1860-07. 

1867-(i8. 

1868-60. 

1860-70. 

B. 

0*4379 

2700*68 

0-3488 

2650*86 

0*3879 

2700*49 

04635 

269 ^^-45 

0-4153 

2710*86 

0*4080 

2690*15 

0*3957 
272O 96 




2SM. 

Speed 2(y4 

• (r-2)/). 




1857-58, 

1858-50. 

1859-60. 

1866-07. 

1867-68. 

1868-69. 

1869-70. 

B. 

0*1346 

2o60*I2 

0**595 

2i6°-66 

O' 1466 
S29°'57 

0*1390 

222®*o6 

0*1 163 
2240*05 

0*1402 

2240*11 

0*1206 

233°'5i 




3MS. 

Speed (4y — 





1857-58. 

1858-50. 

1859-60. 

1866-67. 

1867-68. 

1868-69, 

1869-701 

B^ 

<^1 

0*0063 

i93°*37 

0*0212 

5i^*i6 

00185 

29°'94 

0*0210 

26^*90 

0*0313 

580*11 

0*0495 

43^78 

0*0140 

450-20 




K. Speed of semidiurnal (2y). 




1857-58. 

1858-50. 

1850-60. 

1866-67, 

1867-08. 

1808-69. 

1869-70. 

B, 

"i 

o’3930 

283^'95 

0-3978 

283‘^-o8 

0-3853 

273- 18 

0*3278 

281^*60 

0*2939 

289-15 

0*3116 

289'^'46 

0*3404 
293‘^ 88 

B. 

‘^14 

11850 

S°yi 

1*2742 
0'^ 40 

1*0995 

349°*6 i 

06336 

9^*03 

0*7701 

*3"'39 

0*7346 

j2°*66 

0*7882 

2i"*75 




0 . 

Speed (y- 

-2(t). 




1^57-58. 

1858 '50. 

1850-00. 

1866-(‘)7. 

1867-68. 

1808-69. 

1869-7o'l 

Ri 

0*4410 

3i6'^*69 

0*4136 

3i6°-z8 

0*45*9 

3i8°*8i 

0*3058 

3<i°74 

0*2694 
. 3080*13 

0*3374 

301^^*88 

0*3214 

296^*29 
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r 

. Speed (y- 

-2„). 




1857-58. 

1858-50. 

1850-00. 

1866-67. 

1807-68. 

1868-60. 

180‘J-7d 

B. 

0’1250 

ioi'’*96 

0 0 

* 

0*1306 

98<^*6i 

0*1409 

88^*43 

0*1357 

109^*17 

0*1333 

84°*2I 

0-0935 

77 °-oS 




L. 

Speed (2y— 

Cf — w ), 




1^57-58. 

1858-50. 

1850-GO. 

1800-67. 

1867-68. 

1868-09. 

1869-70. 

•"a 

0*5069 

iS7“-93 

0*7849 

168^*91 

0*3459 

I44°*5i 

0*6015 

I24°*o8 

0-5842 

151^*51 

0-5120 

i59°-39 

0*4671 

151^*91 


N. Speed (2y— dcr-ftsT). 


hSr)7-58. 

1858-MI. 

1850-60. 

18GG~G7. 

18()7— 68. 

1868-60. 

1860-m 

Rj 1*8608 

1*7607 

1-9716 

2*1608 

1-9124 

1-8307 

1*8917 

^2 3^3°-5i 

3 o 8'"*72 

303°‘9* 

30i°'59 

3 o8 °*I4 

307''-39 

3050*06 


E,. Speed (2y-?7). T. Speed (2y- 3/;). 

lV57-r)8& 1858-ryj. 18a8-50 cfe 1850-GO. 1857-58 & 1858-50. 1858-51) & 1850-^. 
o-ioo6 o-o8i8 e’3490 o'i2o8 

Cy I 4^^'45 146 ’'Oo 67^'97 36°78 


X. Speed {2y — <T-\-'rxr — 2r}). 



1857-58. 

1858-50. 

1850-60. 

1866-07. 

1867-68. 

1868-60. 

1860-70. 

^3 

0-409 1 
14i°-68 

0*2262 

i34'’'46 

0*1165 

I9I°'o8 

0*2369 

»75“’95 

0*2166 

i8o°*68 

0*1977 

I38"'54 

0*1913 

i32°*i6 




V * Speed (2y — 6a- — 





1857-58. 

1858 59. 

1850-60. 

1866-67. 

186)7-68. 

18t)t8-60. 

I86O-70' 

R 

0*7423 

307^^*91 

0-6303 

284°-oi 

0-2841 

261^*09 

0*7182 

178°-43 

0*5051 

267<^*42 

0*1423 

3ii°*5x 

0-6912 

332^*41 




or 2MS. 

Siiewl 2(7 

A 

-2 nr 1-7;). 




1857-58. 

1858-50. 

1850-60. 

1866-67. 

1867-68. 

1868-60. 

1860-7^ 

R, 

^2 

0-2S60 

3i°-72 

0*2259 

42 '^•04 

0*3076 

3^'°-S5 

0*2361 

32'"*42 

0*2278 

31^-94 

0*2576 
6.1° -20 

0*2303 

39°‘64 


32 . The analysis of the lonpj-period tides of Livcrpnol has at present heen 
limited to the first four of the seven selected years. The results are as 
follows : — 


Speed . 


(<r — xcr) 

2a 

2(a~?;) 

V 


1857 - 58 . j 

fit 

Le 

0*046 

2 * 9°'4 

0*093 

i 7 o °*7 

o‘o68 

Iliog 

0*359 

2090-6 

0*090 

I440-I 

1858 - 59 . 1 

^R 

0-198 

0*037 

0*020 

0*284 

0*104 


31° 6 

1480*8 

325O-5 

258O7 

269O 6 

1859 4 J 0 . j 

fR 

0*1 52 
i72°*8 

0*024 

720*9 

0*079 

30 3”’4 

o ‘353 

2 i 3°;4 

0*190 

1120*3 

18 C 0 67 . ■ 

fR 

U 

0-072 

259°*8 

0*036 

34 o °‘6 

0*053 

670-9 

0*452 

272°*3 

0*185 

2280*7 
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33, The agreements between the analyzed amplitudes and epochs for the 
whole of the short-period tides are, on the whole, satisfactory. The chief 
discordances occur between tho evaluated ciuantitics of the lunar elliptic 
semidiurnal tides L, N, X, and y. It is extremely probable that a period ex- 
tending through two entire years would give a much better agreement 
between these {quantities, the j)criod being more nearly commensurable with 
the majority of the chief tides, the period at present selected eliminating 
only that of the mean lunar semidiurnal (M) tide. The values of the mean 
sca-lcvcl show a general increase, although the value deduced for 1868-G9 
stands out prominently from those deduced for the q)reccding and following 
years. This uncertainty will affect sometimes, to a considerable amount, tho 
prediction of tide-heights from a fixed datum, although such results are 
better and more intelligible than 2 )redictions reckoned from low water of 
ordinary spring-tides. 

34. Through the kindness of Prof. J. E. Hilgard, of the United Stales 
Coast Survey Office, three 5 "eara’ tidal observations, taken at Port Point 
(lat. 37°’67 N., long. 8’'*] 5 AV. of Greenwich), San Francisco Pay, California, 
were received and analyzed, with tho following results : — 

Year . , . 1858-50. 1 859-00. 

ft. ft. 

Ao = 87io3 8*2651 

I - 28°*o 26^9 


1800 - 01 . 

ft. 

8*i6o8 

25% 


S. Speed of semiaiuvnal 2(y - M, Speed of semidiurnal 2(y-(T). 

* A.. 



1858 -59. 

18u9-00. 18(50-01. 

1858-50. 

18.59-00. 

1800- Oh 

Hi 

0*0146 

very small, very small. 

0*0539 

0*0808 

0*0863 

^1 

211*^-96 


460*30 

i«9°-37 

32°*7i 

E, 

0-4067 

0*3802 0*3824 

1*6694 

1-6215 

1*6645 

to 

334°-H 

335 °-8 o 336°-4S 

33 oO- 8 i 

331°'3o 


R, 



very small. 

very small. 

very small. 


very small, very small, very small. 

o*o6i6 

0*0712 

0*0698 

*1 




23°*32 

26°’73 

1 1^*15 



MS. 

Speed (4y— 2 (t- 

.2,). 


1858-59. 

1859-00. 

1860-0L 


0*0248 

0-0325 

0*0315 


22^*33 

12^*25 

22®*8i 


K. Speed of .semidiurnal ( 2 y). 



1858-59. 

1859-00. 

18G0 -g 7^ 

B, 

1*3370 

1*3036 

1*2925 

<=1 

1920*17 

1900*88 

1880*55 

B. 

0*1 759 

0*1716 

0*1351 


3260*65 

3H°'53 

3 o 80'7S 


O. Speed (y — 2 (t). 



1858-50. 1859-00. 1860-61. 

Pi 08917 0-8511 0*8784 

3°*39 60-25 40*01 


P. Speed (y— 2 r;). 

1858-59. 1859-(i0. 1800-01 

0*3672 0*3659 0*3860 

16^*52 15^‘go I3°*52 
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E, 

e ., 


E, 


€ 


2 




L. Speed (2y-~ o’— 'or). 


1858-59. 

1850-GO. 

1860-^. 

0*0591 

io2°*63 

0*0370 

i83°*oo 

0*0506 

170^*16 

E. Speed ( 2 y — ;;). 


1858-59 and 1859-60. 



0*0076 

i64°*oo 


X. Speed (2y~(T-l-'nr — 2?/). 

1858-59. 

1859-GO. 

18G0 Gl. 

0*0372 

i83°'3o 

0*0275 

156^^-39 

0*0121 

i44'^-i8 


fi or 2MS. Speed 2 


1858-50 

. 1859-GO. 


Ej 0*0257 

t'. 254°*34 

0*0311 

206^14 

J. 

Speed (y-f-o*- 

-vt). 

1858-59. 

1859- GO. 

18G0-GC 

0*0819 

ai3°-98 

0*0376 

208^*29 

0*0565 

183^*40 


N. Speed (2y— 3(y-|-w). 

1858-59. 1859-GO. 18G0-^. 

o‘393i 0*3494 0*3545 

3030-46 305°-53 3 oz °-5 i 

T. Speed (2y-5i)). 


1858-59 and 1859-GO. 


E, 

^'1 

0*0142 

277^*90 


r. Speed (2y — Grr — 

w + 2 rj ). 

1858-59. 

J 859-GO. 

ISGO-^l. 

0*1044 

287°*23 

0-0387 

272^*46 

0*0437 

349^*59 

18G0-(>1, 



0 0 




Q. Speed (y — Go’+tjt).’! 

11858-50. 1859- GO. 1800-^. 

0*1706 0*1056 0*1332 

353°‘<^3 33i°‘34 8^*93 


35. Here, again, wo have an abrupt diminution in tlio height of mean levol 
for the first two years, wliich the following extract from a letter received 
from Prof. J. E. Hilgard, fully explains : — 

“ The change in the mean-level reading at Fort Point is a matter of much 
annoyance to ns. Tlic tide-gango was put up in a small building near the 
end of a wharf, and the tide -staff used for comparison was close to it. !N’ow 
it was observed after the observations had continued some time that the 
wharf was settling, — at least the part where the gauge stood. Then the 
gauge was moved to a point a little nearer to the shore believed to bo firm, 
“ but wo think the whole wharf settled and continued to do so for years. 
There seems to be a hog formation underlying the surface deposit at that 
place. There is probably no way of ascertaining the amount of settling 
except from the observations themselves. We are now having frequent 
levellings made, referring the tide-staff to a rocky ledge further inland.’’ 
30. It having come to the knowledge of the Tide Committee that the United 
States Coast Survey Office was in possession of a series of hourly tide observa- 
tions taken at Cat Island in the Grulf of Mexico, and which were of a very 
remarkable and interesting character, it was thought a favourable opportunity 
of tesiing the value of the harmonic analysis for the evaluation of tho com- 
ponents of the tides of this place, which appeared very complicated and pe- 
culiar. Application having been made, a scries of about thirteen months 
Avere received through tho kindness of Prof. J. E. Hilgard. 

Tho following results represent the tide -components as far as they have at 
present been evaluated. Datum 10 feet below datum of United States Coast 
Survey 
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Cat Island, Gulf of Mexico (Lat. 30'^-23 N., Long. 5*»-94 W. of Greenwich). 




Year 1848. 

Ao=4-8s74ft. I=:i 8°-45 





S 


M 

L 

N 



Speed 

■ (r-n) 


(y-<r) 

I 

to 

1 



E, 

0*0442 


0*0101 






10° *04 


95°*2i 






0*0677 


0*1195 

OOII8 

0*0269 




23®*8o 


10^*75 

222° *40 

33''-57 



X 


0 


P J 


Q 

[Speed . 

(y) 

(r 

— 2(t) 

(r 

(y + tr— 

-tr) (y 


R, 

0*4627 

C 

'•3855 

0 

*1559 0*0292 

0*0733 


0 

0 

224*^*29 

230^*65 28^*22 

2IS°*32 

K, 

0*0205 



.. 

.... ...... 




288°*73 

. 


*< 





37. It is extremely intresting to imd that, although the lunar and solar 
semidiurnal tides are very small in value, the series of means from which 
they were obtained being extremely regular and good, the consequent deter- 
mination of the phase of spring-tides (§ 50) from their respective epochs is 
probably correct within a few minutes. The proportion between the ampli- 
tudes of the lunar and solar semidiurnal tides is the nearest approach to 
equality yet obtained, being in the ratio of 11 to (5. The comparatively largo 
value of Rj of Series S is undoubtedly a genuine tide, but the smallness of the 
corresponding value of Series M must forbid the conclusion of its being purely 
astronomical. It is perhaps produced by temperature or wind, its time of 
maximum being about 40 minutes after noon. There are also indications of 
a similar and large annual tide of 0*274 foot amplitude, and maximum about 
Aug. 16, whioh is also probably meteorological in its origin. The proportion 
between the lunar and solar diurnal (Bcclinational) tides (11^ of Berios 0 
and P) will be, on the assumption of the variation of of Series 0 being as 
the square of the sine of the declination, about 4 to 1. 

38. The following are the values of the long-period tides : — > 

Et € 

ft. 


Solar anmial tido (elliptic and meteorological) 0*274 i44’5o 

Solar pemmnnual tide (declinatioiial and met-eorulogical) ... o’lzS 3 5 *02 

Lunar monthly tide (elliptic) 0106 304* 17 

Lunar fortnightly tide (decliiiational) 0*043 136*69 

Lunisolar fortnightly tido (synodic) 0 099 336*26 


39. Professor Fuller having applied to Mr. Parkes for a set of tide-obser- 
vations of any port in India, that gentleman kindly fdaced at the disposal of 
tho Committee, for analysis, a series of personal tido observations taken at 
Bombay from January 29, 1867 to June 4, 1807. The heights were observed 
at successive intervals of ten minutes, and were taken under the superin- 
tendence of Mr. Ormiston, C.E. A few breaks of short duration in the 
observations have been supplied from a curve plotted for each day of inter- 
rupted observation. The datum-line is 72 feet below tho level of tho 
Town-Hall datum. 

^ 40. The observations were not used as they were given, but heights for 
each quarter hour, the heights for the fifteen and forty-five minutes past each 
hour being interpolated. Tables similar to those previously described (§ 16), 
but adapted for the reduction of observations taken for every quarter hour, 
have been made for a period of 127 days. 
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Tho following arc tho results of thoso tides for which so short a period 
(127 days) is likely to givo fair results 


Bombay (Lat. 18^*05 Long. 4’‘*86 E, of Greenwich). 

Year 1867. 1=18^.34. Ao=8’2oo4.ft. 



S 

M 

L 


K 

0 

Speed . 

• (y-n) 

(y-ff) 

(y“l<^- 2'»r) (y 

-|<T-f iw) 

(r) 

(y~2fr) 

R. 


o*io6i 



1*1620 

0*5577 



2io'^*94 



i93'"‘3i 

10^*50 


1-8514 

4*3680 

0*3189 

0-9833 

08835 



85°*38 

59°-30 

1 84*^ *4 1 

35°-i8 

188^-62 




0*0838 





^3 


75°'45 





R, 

0*0232 

o-io6o 







165^*40 

16° 82 






41. A scries of tide-observations extending through throe years, com- 
mencing 18G8, May J, taken by the ^Mauora self-registering tide-gauge at 
Kurrachee, were also kindly lent ])y ^Ir. Parkes for tho purpose of rcdiiciion. 
Tlie following scries liave been analyzed for each year separately, with tho 
exception of tho solar semidiurnal tide-components 11 and T, for which it is 
nccessaiy to combine the observations extending through two entire years, 
Tho datum-lino is 2 feet beloiv the datum-line of the diagram-sheets. 


42. Kurrachee (Lat. 24”'0 K., Long. 4’'*47 E. of Greenwich). 



S. Speed of semidiurnal 

2(y-„V 

M. Speed of semidiurnal 

2(y-a). 


18C)S-G0. 

lcS(;i) 70. 

1870-71'. 

]808-(;9. 

1860-70. 

1870-7 r. 


ft. 

ft. 

ft. 

1= i9'^*6 

2ri*2 

23^*0 

A„= 

7*1488 

7*2908 

7*2644 

ft. 

ft. 

ft. 

Rl 

0*0718 

0*0712 

0*0750 

0*0 1 8 


0*0510 


I7<i°'57 

i 2 j^-So 

162^*29 

271^*60 


329°*i8 

Ri 

0*0^2^ 

0*9425 

0*9230 

5VS859 

2 4974 

2*4717 


322'’*72 

323'^*68 

323'^'*68 

295^7^5 

297°*24 

296° 62 

li ] 




0 0439 

0*0382 

0*0492 






335°’>S 

336^*09 

325°-46 

B. 

very small 

very small 

0*0141 

0*0169 

0*0284 

0*0242 




355”'95 

47 "-04 

3o‘^*4i 

3i°7o 

R« 




0 0444 

0*0494 

0-0445 






225'^ 9 1 

2I5°*i6 

»24°'55 


K. Speed of .soiuicliurnal (2y). 


0. 

R, 

^2 

Speed (y — 

1868-69, 

1*1669 

142^*87 

0*2389 

34o°-25 

20*). 

1869-70. 

1*1907 

144^*73 

0*2355 

330°*57 

1870-71 
1-2392 
146° 87 
0 2467 

33o°-94 

P. 

Speed (y — 


1868-09. 

1869-70. 

1870-71. 


18()8-(!9. 

1869-70. 

1870-7 r. 

Rj 0*5688 

0*5905 

0*6164 


0-3755 

0*3850 

0-3746 

308^*87 

309^*94 

3o6°*97 


3«6'^-3S 

320^*27 

3>4°-97 
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j. 

Speed (y4-<r— 

- JL, 

•or). 


1868 - 69 . 

1869 - 70 . 

1870 - 7 L 

E. 

ft. 

o*o8oo 

1780-58 

ft. 

0*0434 

1650-88 

ft. 

o*o686 

i 4 i ®'37 


L. 

Speed (zy — tr— 

vr .) 


18 G 8 -G 9 . 

1869 - 70 . 

1870 - 7 L 

‘2 

0 

0 0 

0*0365 

1400*69 

0*0824 

1290-68 


X. Speed (zy— o’4"ctr 



— 21 ]). 


1868 - 69 . 

1869 - 70 . 

1870 -n. 

E, 

0*0613 

1560*46 

0*0381 

0*0432 

300-71 


fi or 2 MS. Speed (zy— 

— A.^ 

4 (T + 21 ]). 


, 1868 - 69 . 

1869 - 70 . 

1870 - 71 . 

E, 

«2 

0*0703 

2690*99 

00333 

2270*72 

0*0714 

304°*53 


R. Speed (zy—7^). 

^ - — ^ 

1868 -G 9 and 1809 - 70 . 

Rj 0-0353 

s 12^-04 


Q. Speed (y — 3ff4-'ar). 


f868-G9. 

ft. 

0*11 10 
3080*23 

N. 

1869-70. 

ft. 

0*1100 

3200*34 

Speed (zy — 3 

1870-71. 

ft. 

0-1354 

3x30-05 

0*4-*®*). 

m)8-69. 

18(J9-70. 

1870-7r. 

0*6221 

0*59^7 

0*5766 

00 

0 

0 

2820-83 

00 

0 

V.ri 

7 ^. Speed (zy — 3 er- 

-xT+zr/). 

1808-69. 

1869 70. 

1 870-7 L 

0195s 

0*0832 

0*0814 

255°-63 

2240-40 

0 

0 

MS. 

Speed ( 4 y — ; 





1868-69. 

1869-70. 

1870-71. 

0*0173 

0*0236 

003H 

2x60*79 

18x0-30 

326°-55 

T. 

Speed (zy- 


" 1 868-69 and 18C9-7C>? 


0*1 108 



380-96 



43. Long- 2 )criocl Tides. 


J 868-09. 1869-70. 1870-71. 

ft ft. ft. 

^ 43°-96 8 o°-zo 

R 0*198 0*059 0*062 1 Solar semiannual (declinational) tide. 

e 81*^ 98 1i 6°-93 69^*69 J Speed (27/). 

R 0*076 0 043 0*032 Lunar monthly (elliptic) tide, 

c 247^73 175^*27 1 1 5^*90 J Speed (o’ — 'or). 

R 0*038 0*064 0*035 1 Lunar fortnightly (declinational) tide, 

e 335°*40 333 °’ 9 i 283^22/ Speed (zer). 

R 0*009 0*075 0*058 1 Lunisolar synodic fortniglitly (shallow- water) 

6 326^*19 i 6°'98 156^*62/ tide. Speed 2(fr—j;). 


44, The epochs arc reckoned from the meridian of KniTaehccfor the short- 
period tides, and fur the long-period tides from the time when thcrespcctivo 
argument of each tide equals 0°*0, — 1. c, for the solar annual and semiannual 
tides from the mean vernal equinox, for the lunar montlily tide from the 
mean perigee, for the lunar fortnightly from the time when the moon’s mean 
longitude equals 0'^ and 180°, and for the synodic fortnightly from the mean 
now and full moons. 

45. In addition to the foregoing reductions, a selection has been made from 
the tide-observations taken during the construction of the Portland Break- 
water, under the direction of Sir John Coode, from 1851 to 1871. The years 
selected for reduction were 1851 and 1871, being the first and last years of 
the observations at present taken, and the years 1857 and 1866, being the 
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years ia which the moon^s declination had attained its maximum and mini- 
mum respectively. The peculiarity of the tide hero gives rise to a considcr- 
ahlo number of important compound shallow-water tide -components, which 
has led indirectly to their evaluation at Liverpool and Kamsgate, through 
this clue to their probable existence having been found. It is probable that 
others besides those already found may exist, and of which a further exami- 
nation of the tide-curve may indicate their periods. The epochs of the tide- 
components are referred to the meridian of Greenwich, similarly to the pre- 
viously analyzed tides of Ramsgate and Liverpool. 


Portland Breakwater (Lat. N., Long. 0’“*8 W. from Greenwich). 


S. Speed of semidiurnai M. Speed of semidiurnal 2(y — (t). 



1851 . 

1857 . 

18 G 6 . 

1870."' 

1851 . 

18 . 57 . 

— 

ISfiO. 

1870 ?' 


ft. 

ft. 

ft. 

ft. 

I — 2I'^*6 

00 

0 

i 80*5 

22^*2 

Ao= 

= 7*0766 

7*0054 

71114 

6 9860 

ft. 

ft. 

ft. 

ft. 


0*0742 

0*0310 

0 0255 

00146 

0*0178 

0*0071 

0*0348 

0*0240 


83^*85 

97° h 

90^*56 

82^ 80 

244 °-iS 

247°-54 

333 ° 7 » 

2910*01 


1*0761 

1*0757 

1*0903 

1*0551 

2*1450 

2 0271 

1*9824 

20943 


243 °- 3 i 

246'^-64 

244 °- 8 S 

i+i '’-39 

i 95°‘3 

196^ 57 

1940*80 

» 94 °' 4 * 






0*0300 

0*0425 

0*0481 

0*0264 






174 ^" 36 

1950*17 

1880*10 

1690*31 


0*0120 

0*0096 

0*0163 

0*0104 

o‘4556 

0*4960 

0*4725 

0*4680 


I 93 °i 4 

i85°’o4 

i67°*58 

196^*26 

32^^41 

4 i °-90 

300*07 

320*90 






0*2217 

01944 

0*2178 

0*2Io6 

<■« 





73°'°7 

79°-36 

670*07 

710*02 






0*01 36 

0*0146 

0*0112 

0*0090 

<■« 





61*^70 

450.78 

38^*83 

650-50 


IC. Speed of semidiurnal (2^'). 





T85L 

1857. 

1800. 

1870." 





o'zyo^ 

2110 *o 8 

0-3245 

2050.55 

0-2597 

2020*97 

0*2995 

2120*91 




<^3 

0*2768 

I 53°’95 

0-3854 

2430*01 

0*2365 

2320*12 

0*2590 

2520*85 




0. Speed 



P. Speed (7 — 27/). 



1851. 

1857. 

18()(). 

1870." 

1851. 

1857. l.'-XiG. 

1870." 


0*1536 
249O 83 

0*1919 

2660*54 

0-1255 

262=25 

0*1605 

251O77 

0*0957 

200*82 

0*1179 0*1077 

I8O09 140*67 

0*1082 

170-64 



L. Speed (zy — a—vf 


N. Speed (27 — 3 

•). 


1851. 

1857. 

18G0. 

1870.'' 

1851. 

1857. 1800. 

1870.^ 


0*2054 

3 * 3''’39 

0*1009 

299°'73 

0-1544 

296°'54 

0*1723 

2830*43 

0-4734 

185^73 

0*4454 0*5182 

1850*66 1850*85 

0*4890 

1860*31 


X. 

Speed (2y — (T+w — 

27 /). 

r. 

Speed (27 — 3(T— tir 4 - 2 ?/). 


1851. 

1857. 

1800. 

1870."' 

1851. 

1857. 1860. 

1870. 

R, 

‘'2 

0*1045 

2950-19 

0*0560 

2880*69 

0*0832 

3140-10 

0*0901 

2940*24 

0*0950 

1970-77 

0*1203 0*1248 

1180-75 1090*00 

0*1234 

1360*92 
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fi ot 2Mg. Speed (27—40^4-217). 2SM. Sp^d (274-a<^-~4»?)- 



1851. 

1857. 

180G. 

1870. 

1851. 

1857. 

186G. 

1870. 


ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

h 

0*3900 

03719 

0*3773 

0*3756 

0*0512 

0-0687 

0*0639 

0*0512 


200^*49 


192^-80 

196^*61 

3490-22 


348^*42 

3440-04 


MS. 

Speed 

(47-2ff-; 

217). 

SMS. Speed (47— 6(7-1-217). 




A 














-s 


1851. 

1857. 

18GG. 

1870. 

1851. 

1857. 

180)6. 

1870. 


0*2660 

02655 

0-2618 

0-2831 

0-0517 

0046 1 

00391 

0*0263 

••i 

88°is 

94°-4S 

89°-43 

93°-26 

i32°*i9 

i35°*62 

1360-74 

i34°'SO 


46. The complete separation of the mean lunar and mean solar semi- 
diurnal tides in the foregoing analysis, together ^vith the respective epochs 
of each tide, furnishes a ready means of finding the time of spring-tides 
or the time at which the two tides are exactly the same in phase. If wo 
take, for instance, the respective epochs of these tides as given (§ 25) for 
Ramsgate, we find that the mean solar semidiurnal tide attains its maxi- 
mum "when tiuice the mean sun’s hour-angle, or angular distance from tho 
meridian, is 32°-70. Similarly the mean lunar semidiurnal tide attains its 
maximum when twice tho mean moon’s hour-angle is 339°*43. Dividing 
tho difference between these two epochs by Uvice tho difference between 
their respective mean daily motions, wc obtain nn interval which roprosonts 
tho time at which tho two tides arc coincident after the two bodies w'crc in 
conjunction. The difference between the moan daily motions of tho moon 
and sun is per day. The result thus obtained for Ramsgate is 


360 ^ 4 - 32 '"- 70 - 339^*43 
2 X 12^-191 


24^~382 


2*185 days. 


47 . Treating the solar diurnal dcclinational tide (P) and the lunar diurnal 
dccliiiational lido (()) in a similar way, 'wc oblfuii tlie interval after tho 
conjunction of the two bodies at which these tides ore coincident in phase. 
Thus, for instance, we find (§ 25) for Ramsgate 


2G2°'58— 99°*34 ^ 103^*24 
2 *^ 1^91 24^^82 


G*605 days. 


48. The lunar elliptic semidiurnal tides L and N, and the mean lunar 
semidiurnal tide M may also be similarly treated. The equilibrium theory 
gives 

7 c c 

7l{c08 2(y — < 7 )^ 4 --^ cos [2(y— <r)^ — ■jjCOs[2(y — 0 *)^ + ^]} 

for the sum of the mean lunar semidiurnal and lunar elliptic semidiurnal 
tides, where Ti denotes the semi-range of the mean lunar semKliurnal tide, 
e the excentricity of the moon’s orbit, and <j> the longitude of the mean 
moon (M) reckoned from the perigee, or, astronomically speaking, the 
mean anomaly. We havo 
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if T denotes the time of perigee preceding t : and so the preceding becomes 
7e 

7t{cOS 2(y — (r)^4- *2 [(2y— 3flr + lS')^ + (<T — t«r)T] 

— ^ — ((7-— 'Z3')T]} 

or 

7 & 

7i|cos2(y — <r)<4‘ ■*> — 3 (t4"'Z3^)^4‘(o^ — 

+ I C03[(2y - ^-tT)<+lS0“-(<r— ar)T]}, 

showing that ^==T in Ihc time of coincideiiec of tlic and X tides, and the 
time of opposition of the ISl and tides. Let 

11^ cos{2(y — o-)^ — e^} cos [(2y~3(r + 'tEr)^—e^'] 

* cos [( 2y - ^ - e;' + 1 80^] 

1)0 the expression for these constituents derived from observation. For the 
times of coincidence wo have 

M and X observation, 2(y — <T)^— e^=(2y— 3<7>f 'w)f— 
giving 

O "“'QT 
€ f 

and therefore the delau = ' — - — T ; 

( 7 — W 

similarly tlie delaif of o])position of the IM and L observed tides, after the 
opposition of the corresponding e(piilihriuni tides, is 


If, liowever, the corrected epochs arc used, tlie term T should be omitted. 
Thus for Jlamsgate (§25) ^yc have for the delay coincidence of phase 
hetwoen the and N tides 


;i:3tp.4:3__:no°*3i 2tr*12 

13°*U(J5 


= 2*229 days after the moons perigee;] 


and for the delay of opposition of phase between the M and L tides 

18G°*28- 339^*43 + 180" 20^*85 ^ , , , , . 

_ _2‘0o0 days after the mooirs perigee, 


The solar elliptic semidiurnal tides R and T may be referred in a similar 
manner to the mean solar semidiurnal tide (8). 

49. It is here worthy of remark, that the larger (X) lunar elliptic 
semidiurnal equilibrium-tide (as indicated above) is seven times the value 
of the smaller component (L) ; hnt on reference to the foregoing results 
it will he found that the proportion between the actual components for 
English ports is about 3i to 1, The cause of this discrepance has not yet 
been discovered ; ns will be seen subsequently (§51), the deduced value of 
the smaller component L is too largo when compared with its equilibrium- 
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theoretical value for nearly all places. On the other hand, the equilibrium - 
theoretical ratio is fairly approximated to in the values found for Fort Point 
and Kurrachee, 

50. Tho following Table exhibits the times of coincidence and opposition 
of phase of some of tho chief tides. Tho values are deduced from tho 
mean of tho results when more than one year’s observations have been 
analyzed. 


Coincidence 
of phase of 
S and M 

V. 

Coincidence 
of phase of 

P and 0 

Coincidence 
of phase of 
M and N 

Opposition 
of phase of 
M and L 

After Moon’s Syzygies. 

After Moon’s Perigee. 


d 

Liverpool, \ 5. 

Lat 53°-40 N., long. 0^-20 W. J ^ 

d 

5-796 

d 

J' 53 + 

d 

0-356 

Ramsgate. 

Lat. 51 '^•3 N., long. 0’**09 E. ^ 

[ i'lSS 

6*695 

2*229 

2*056 

Portland Breakwater. 1 

Lat. 50^*5 N., long. W. J 

^ a'ooi 

4-930 

VO 

b 

-5-796 

Kurrachee (India). ] 

Lat. 21°-9 N., long. 4'‘-47 E. J 

^ 1*100 

0*353 

1152 

0*750 

Bombay (India). ] 

Lat. N., long. 4 *‘- 8 G E. j 

1*070 


1*846 

“4*201 

Fort Point (California'). "j 

Lat. 37 °-G 7 N., long. 8“*15 W. | 

I" 0-214 

0*790 

2*024 

0*126 

Cat Island (Gulf of Mexico). 1 
Lat. 30<^-23 N., long. 5 “ t )4 W. J 

. 0-535 

o‘z6q 

-1747 

2*422 


The sign — indicates that the phenomenon occurs before tlio moon’s perigee. 


The following is the investigation of the formula for semidiurnal and semi- 
diurnal declinational tides : — 

Let YP and YS be the great 
circles in which a geocentric 
spherical surface is cut by tho 
earth’s equator and by the plane 
of the orbit of sun or moon. 

When the moon is considered, Y 
will bo approximately the first 
point of Aries. It is, of course, 
rigorously so for the sun. 

Drawing SN perpendicular to YP, we have 8]Sr=S, the declination. Let 
SrP=i, being the inclination of the orbit to the equator. Suppose now Q 
and P to be points of the equator in which it is cut by the meridian through 
the crehts of the semidiurnal equilibrium tide, and tho meridian through tho 
place for which the equilibrium tide is to bo expressed. If $ denote tho 
equilibrium semidiurnal variation of tidc-height, we find readily, from § 808 
(23) of Thomson and Tail’s ‘ Natural Philosophy ’ 

S — C COs2 I COs2 5 COS (2 X QP), 

where c denotes a constant for each place. Take P' so that PP'=:QN, and 
join 8P\ 
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\Yo have 
But 


5 = C COs2 d COS (2 X NP') = c CO 32 ^(2 COs2 NP' - 1 ). 


cos* d cos2NP'= cos* SP' =- (cos vs cos VP'-f sin VS sin VP' cos i)“ 

=, [ j C03 (YP'-YS)+ 003 ( YP'+YS) } ■ 


= (li:|!!!i)*co8!(YP'-YS)4-~ (cos^yP'- sin2rS)+(^ - .^?)*co9=(YP'+YS) 

= i{(^ -“^0’«»2 (YP'-YS)+"^'co3 2YP'+(^“|!^)'cos 2(VP'+YS) - sin^i 

= J { (-t|?l')%o32(VP'-YS)-!-^"^'^co8 2VP' + (^~“*‘)'co32(YP'+YS)+co9^j] • 
Hence 

*=<■ { (’ -J- -)'<»92(YP'-YS)+“’Jico92VP'+(^p')%092(YP'+YS^ 


If time bo reckoned from the transit of the first point of Aries across the 
meridian of F', we have 

W-yt 

when the formula is applied to the solar tide, and for the lunar 

Yr'=yt-a, 

whore denotes the ri<<ht ascension of the intersection of the moon’s orbit 
Avith the earth’s ciiuator, from the lirst point of Aries. For the solar tide 
YS is the sun’s longitude', and for the lunar YS is e(jual to the moon’s longi- 
tudes witli a correction depending on il. Hence, in tlie two cases respectively, 
we liave 

vS-j/^'+G-fP, VS^ffif+e'-fQ ( 2 ) 

wlicre f, e denote the longitudes of the two bodies at the time t=0, P the 
sun’s elliptic ine(iiiality of longitude, and (i the moon's elliptic and incli- 
national ine(iuality of longitude. For the mean semidiurnal and the decli- 
national semidiurnal tides we neglect these inequalities, and so find 


(Solar) 


r/lFeosw\‘ ,,,, , /I — cosw\^ , ,"1 

' 2 / j eos2[(74-»/)^Fcl ]-» 

where tj denotes tlie obliquity of the ecliptic, and 
(Lunar) 

cos2[(y-(r)/'-G]q-®'^%os27^F(^--^^^ cog 2[(7Ffr)/‘-f-G'] j. j 


Denoting by E, S, M the masses of the earth, the sun, and Ihc moon, by 
% the i)arallaxes of the sun and moon, expressed in radial measure 

D'^'radhisl’ earth’s radius, and by I the latitude of the place, 

1872. 2 D 
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and neglecting the influence of land (S(, 13), Tve hare [Thomson and Tail, 
§§808, (18), (23)] 

3S , , .3M „ 

c^—^wracoh-l and c'= (4/ 

'i 111 


Using these and (2), with the notation of (3) in (i), wo find 


+ [2(y+.,)<!+26+2P]] 

+^[(l±|2ii)\.o.2[(y-.)^_Q-e--Q]4-“-"f‘'cos2(^ 


+ (-^ ■ ')'cos 21(y +ff)(; -Q +^'+Ql] } 


(5) 


as the tigorous expression for the scinidiurnal equilibrium lide-height, on llio 
supposition of no dry land, or of such a distribution as to make Sl = 0 and 
13 = 0. By taking the expressions given by physical astronomy for to-, B, lir', 
?, O, and Q, and expanding in series of simple harmonic functions of the time, 
it is easy to obtain, in the form proper for the harmonic analysis, a complete 
expression for the whole astronomical semidiurnal tide-generating inllucnce. 

The terms of (3) or (5), containing the factors and ^ > 

are, on account of these factors, necessarily very small. They show semi- 
diurnal constituents with arguments 2(y4-7/)< (solar) and 2 (yd-a)^ (lunar), 
which have not hitherto been investigated from observation, hut which, for 
the case of iho moon, and particularly in years wdicn i is large, may be quite 
sensible. 

51. The Table 011 the opposite page exhibits the comparative values of 
the analyzed and equilibrium-theoretical semidiurnal tides referred to the 
mean lunar semidiurnal tide as unity. The epochs of all of these tides 
are expressed in hour-angles of mean solar time, and arc referred to the 
meridian of the place, except for Liverpool, Bamsgatc, and Portland Break- 
water, which are referred to the meridian of Greenwich. 

52. The following w'ill illustrate the method at present employed in the com- 
parison between tlie actual tide-heights as recorded and the heights as 
furnished by the evaluated tide-constants. The residual differences (which 
include instrumental errors of every description) show the amount of precision 
arrived at from the tide- components included in the analysis, and arc useful 
as a guide for the introduction of new arguments and the consequent evalua- 
tion of new tide -components. The Tables arc based on the analyzed values 
of the tide-components of Knrrachce for the year LSflS-OO alone, excepting 
the B and T solar elliptic semidiurnal tides, wdiieh arc the results of 18b8- 
1869 and following year. 

In order to facilitate the computations of the heights, Tables showing tlie 
value of the tide above or below mean level for each 1 5^ of hour-angle for 
the S tide .should he formed, or for a less interval if it is contemplated com- 
puting the tide-heights for more frequent intervals than each integral mean 
solar hour, and for every degree of the M tide on account of the magni- 
tude of Kg of this tide, and for ever}' few degrees for the rest of tlie tide- 
components. 
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uiiPoiiT— 187:i. 


(1) S , — Solar Semidiurnal tide (including effect of solar elliptic diurnal). 


cos { (y — ]. + cos { (ay — } 

= o-o7a cos {(y — d-o‘ 93^ cos |2(y — ?;)/;— 322°*72 J. 
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b 
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4-*859 


1-791 

330 
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4 - -925 


1-857 


Ihc values of 11^ and have been added to each value of h to make all 
the heights positive, and therefore the sum of 1\ and or l-()04, Avill have . 
to be subtracted in tlie calculations of the heights on account of these tid(‘s. 
Similarly, in the other tables the value of It has in each case been added 
(except for the lunisolur diurnal and ecmidiurnal tides, for which tides M!> 
foot instead of i’41 foot has been applied) ; the augmented values are indi- 
cated by the symbol h\ 

Instead, therefore, of the mean height being added to the sum of the values 
of /i in the formation of the tide-heights, the difference between the mean 
height and the sum of the whole of the tide-components is to be applied. 
Care should be taken, in reading off’ the tide-heights in the first instance, to 
choose a datum-line sufficiently low, in order to secure this diflercnce being 
positive. 

Tables for the other tide-componoiits have been similarly formed, and arc 
here given 
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M.- 

—Lunar Semidiurnal (including elliptic diurnal, 

tcrdiurnal, &c.). 
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Iklooii’s max. dor. (iS68 May to 1S69 ^lay)— - 7. 
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(1) s. , — Solar Semidiurnal tide (including effect of solar elliptic diurnal). 
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-•992 

-•925 


0*007 

180 


217 28 


-796 

-■742 


0-190 

210 


247-28 


-•386 

— •360 


0-572 

240 


277-28 


+ -127 

4-*ii8 


1-050 

270 


307-28 


4 -* 6 o 6 

+ *565 


1-497 

300 


337-28 


+•922 

+ ■859 


1-791 

330 


7-28 


+'992 

+*925 


1-857 


The values of R, and have been added to each value of h to make all 
the heights positive, and tlnu-efore tlie sum of E, and E.,, or 1-004, ^vill liave, 
to he subtracted in the calculations of the lieights on account of these tidc-s. 
Similarly, in the other Tables the value of E has in each case been added 
(except for the lunisolar diurnal and pemidiurnal tides, for which tides 1*12 
foot instead of 1-41 foot has been a2)plied); tlic augmented values are indi- 
cated by the symbol li\ 

Instead, therefore, of the mean height being added to the sum of the values 
of 1i in the formation ot the tide-heights, the difference between the mean 
height and the siini of the wliole of the tide-coinponents is to be applied. 
Care should bo taken, in reading off the tido-lieiglits in the first instance, to 
choose a datum-line sufficiently low, in order to secure this difiercnce being 
positive. 

Tables for the other tide-components have been similarly formed, and arc 
here given • 
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(2) M. — Lunar Semidiurnal (including elliptic diurnal^ tcrdiurnal, &c.). 


A = 0*01 8 cos|(y — rr)^— 2 C0B^z{y — (T)t—z<)S'^‘'j^^ 

-j-o*044 co8|3(y — 335 ”*i 8 } +o*oi 7 co8{4(7-- cr^— 47 °*o 4 | 

-j-0'044 co9| 6(y — ■225°'9i 


(r-' 

7 )t h' 

(y-fl 

')t h' 


h' 


(y-<r)< A- 

0 

ff.. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

It. 

0 

3-86 

60 

•03 

120 

4'i6 

180 

3*78 

240 

‘*4 

300 

41 1 

I 

rii 

61 

•03 

12 I 

4 'i 3 

I8I 

3'69 

241 

•*4 

30* 

4* 1 8 

2 

3-68 

62 

•04 

122 

430 

182 

3 ‘ 6 i 

242 

*5 

302 

425 

3 

3-60 

63 

•06 

123 

436 

183 

3 ' 5 ^ 

243 

•16 

303 

4'32 

4 

3 ' 5 * 

64 

'08 

124 

4'43 

184 

3 44 

244 

* j8 

304 

4'39 

5 

3 4 ^ 

65 

•lo 

125 

4'49 

185 

3'35 

245 

*20 

305 

4‘45 

6 

3'33 

66 

•12 

126 

4'55 

186 

3 27 

246 

•22 

306 

4 ' 5 * 

7 

3-24 

67 

5 

127 

4*6i 

187 

318 

247 

*24 

307 

4'57 

8 

3*'5 

68 

•18 

128 

4*66 

188 

3'09 

248 

•27 

308 

4-63 

9 

3 06 

69 

*22 

J 29 

4-72 

189 

3‘oi 

249 

•30 

3^9 

4*69 

10 

2*97 

70 

•26 

130 

4 77 

190 

2*92 

250 

34 

310 

4'75 

1 1 

2*88 

71 

•30 

J3I 

4*82 

I9I 

2*83 

25* 

‘ 3 ^ 

3 ** 

4'8o 

12 

2 79 

72 

•34 

13^ 

4-87 

192 

275 

252 

•42 

312 

4-85 

n 

2*69 

73 

■39 

133 

491 

193 

2'66 

253 

*47 

3*3 

4'90 

J 4 

2-6o 

74 

•45 

134 

4-96 

194 

2*58 

254 

' 5 * 

3*4 

4*95 

IS 

2-52 

75 

•50 

135 

5'oo 

*95 

2-49 

255 

*57 

3*5 

4'99 

1 6 

i '43 

76 

■56 

I 36 

5 ‘C 4 

196 

2-41 

256 

•62 

316 

504 

17 

2*34 

77 

•62 

I 37 

5 'o 7 

*97 

2-32 

257 

■68 

3*7 

5-07 

18 

2*25 

78 

■69 

13^ 

5*10 

198 

2-24 

258 

'74 

3*8 

5*11 

19 

2-i6 

79 

•76 

139 

5'*4 

*99 

2*1 6 

259 

•80 

3*9 

5**5 

20 

z'oy 

80 

•82 

140 

5*i6 

200 

2*c8 

260 

•87 

320 ' 

5*8 

2 1 

I 99 

81 

•90 

141 

5‘*9 

201 

2*00 

261 

*93 

321 

5 ' 2 i 

22 

190 

82 

'97 

142 

5 '^* 

202 

1*92 

262 

I'CO 

322 


23 

I'82 

83 

105 

143 

5‘^3 

203 

1-84 

263 

i‘o8 

323 

5*26 

24 

1*74 

84 

i'i 3 

144 

5'24 

204 

I *76 

264 

*•*5 

324 

528 


1-65 

85 

1*21 

145 

526 

205 

1-68 

265 

**23 

325 

5*30 

26 

1*57 

86 

1-29 

146 

5-27 

206 

161 

266 

1*30 

326 

5*31 

27 

149 

87 

1*37 

147 

5-^7 

207 

*•53 

267 

*'38 

327 

532 

28 

I ‘421 

88 

i '45 

148 

5-28 

208 

*•46 

26S 

1*46 

328 

5*33 

29 

1*34 

89 

1*54 

149 

5*28 

209 

**39 

269 

*54 

329 

5'33 

3 ^ 

1*26 

90 

163 

150 

5*27 

210 

1*32 

270 

*•63 

330 

5*33 

3 * 

119 

9 1 

172 

15 * 

5‘^7 

21 1 

**^5 

271 

1*71 

33 * 

5*33 

32. 

I'l I 

92 

i‘8i 

152 

526 

212 

118 

272 

i*8o 

332 

5'32 

33 

105 

93 

1*89 

*53 

5'^5 

213 

1*1 1 

273 

1-88 

333 

5 ' 3 i 

34 

•98 

94 

I ‘98 

*54 

5'^3 

214 

1-05 

274 

1-97 

334 

5*30 

35 

36 

■91 

•84 

95 

96 

2c8 

2-17 

*55 

*56 

5*21 

5'*9 

215 

216 

‘99 

•92 

275 

276 

2-05 

214 

335 

336 

5 28 
5-26 

37 

'78 

97 

2-25 

*57 

516 

217 

•86 

277 

2-23 

337 

524 

38 

•72 

98 

275 

158 

5'*3 

2 1 8 

•Si 

278 

2-32 

338 

5 21 

39 

•66 

99 

2 ‘44 

*59 

5'io 

219 

‘75 

279 

2*40 

339 

5 ** 

AO 

•60 

100 

2‘53 

I 60 

506 

220 

•69 

2S0 

2*49 

340 

5*4 

A 1 

•5 5 

101 

2’62 

161 

5'02 

221 

•64 

28 1 

2-«;S 

34 * 

5 *** 

^ * 
42 

'49 

102 

271 

1 62 

4*98 

222 

*59 

2S2 

2’66 

342 

507 

43 

*14 

103 

2*8o 

163 

4'93 

223 

‘55 

283 

2*75 

343 

5 " 02 - 

AA 

•39 

104 

2 89 

I 64 

4*88 

224 

■50 

284 

284 

344 

4'97 

*tT 

45 

46 

47 

48 

49 
<10 

‘35 

* 3 * 

*26 

•Z 3 

•19 

*16 

105 

106 

107 

108 

109 
no 

2'97 

3-06 

3‘*5 

3'23 

331 

3*40 

*65 

166 

167 

168 

169 

170 

4*^3 

4'77 

472 

4'66 

4'59 

4'53 

225 

226 

227 

228 

229 

230 

•45 

■4* 

'38 

■34 

•31 

•28 

285 

286 

287 

288 

289 

290 

2 92 
3'oi 

3 09 

3'34 

345 

346 

347 

348 

349 

350 

4*92 

487 

4*81 

4'75 

4-69 

4*62 

K I 

•13 

II I 

3 ' 4 ^ 

171 

4-46 

231 

•as 

291 

3 '43 

351 

4 ' 56 

j * 

*1 1 

1 12 

3*56 

172 

4'39 

232 

'22 

292 

3 ' 5 i 

352 

4’49 

j " 

53 

54 

55 

56 

57 

58 

•09 

•07 

■OS 

•04 

’03 

*02 

113 

114 

115 

116 

117 

118 

3 'H 

3*72 

3-80 

387 

3‘95 

4*02 

173 

174 

175 

176 

177 

178 

4 ' 3 ^ 

4-25 

4*17 

410 

4‘02 

3*94 

233 

234 
^35 

236 

237 

238 

*20 

•18 

•17 

'*5 

**5 

•14 

293 

294 

295 

296 

297 

298 

3'59 

3*66 

3'74 

3*82 

389 

3'97 

353 

354 

355 

356 

357 

358 

4*42 

4*34 

426 

4**9 

4**1 

4*oz 

59 

60 

'03 

•03 

119 

120 

4*09 

4*16 

179 

180 

3*86 

37S 

239 

240 

•14 

*14 

299 

3C0 

404 

4*11 

3 59 
360 

3*94 
3 86 


Moon’s nmx. dec. 

(1S68 M»y to I 

869 19" 
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(3) K. — Lunisolar Diurnal and Semidiurnal (Dcclinational). 




h^l 

142^*871 4-0*239 ft. 

1 

0 

-as} 



yi 

u 


h' 

yi 

A' 

yt 

h' 

yi 

h' 



0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

O 

041 

60 

i*o8 

120 

a*i 5 

180 

2*27 

240 

0*79 

300 

O’OO 

2 

043 

6z 

i*n 

122 

218 

182 

224 

242 

0*74 

302 

O’OO 

4 

0*45 

64 

114 

124 

2*21 

184 

2*21 

244 

069 

304 

0*00 

6 

0*47 

66 

117 

126 

224 

186 

2*17 

246 

0*64 

306 

O’OI 

S 

0-49 

68 

1*20 

128 

2*27 

188 

2'13 

248 

0*59 

308 

001 

10 

o§i 

70 

1-24 

130 

229 

190 

2'09 

250 

0*55 

310 

0*02 

12 

0*53 

72 

1*27 

132 

2*32 

192 

2*05 

252 

0*51 

312 

0*03 

H 

0*55 

74 

i'3o 

134 

a ‘34 

194 

2*01 

254 

0*46 

314 

004 

i6 

056 

76 

1*34 

136 

a‘36 

196 

1*96 

256 

0-42 

316 

0*05 

i8 

0*58 

78 

1*37 

138 

2*38 

198 

1*92 

258 

0*38 

318 

o*o6 

20 

o*6o 

80 

1-41 

140 

2*40 

200 

1*87 

260 

0*35 

320 

o’o7 

22 

0*62 

82 

1*45 

142 

2*42 

102 

1*82 

262 

o‘3 1 

322 

o’o8 

14 

0*64 

84 

1*48 

144 

2*43 

204 

177 

264 

0*28 

3 a 4 

O’lO 

26 

0-66 

86 

1*52 

146 

a *44 

206 

172 

266 

0*24 

326 

O’U 

28 

0*68 

88 

156 

148 

a *45 

208 

1*67 

268 

0'22 

3 a 8 

o’i3 

30 

071 

90 

I 60 

150 

2 '46 

210 

i*6i 

270 

0*19 

330 

0*14 

32 

073 

9a 

1*63 

152 

2-46 

212 

1*56 

272 

o*i6 

33a 

o*i6 

34 

075 

94 

I‘67 

154 

1‘46 

214 

1-50 

274 

o'i4 

334 

o’i7 

36 

077 

96 

171 

156 

2*46 

216 

1*45 

276 

0*12 

336 

0’i9 

38 

079 

98 

175 

158 

2*46 

218 

1*39 

278 

O’ 10 

338 

0'2I 

4 (V 

0*81 

100 

179 

160 

2-46 

220 

1*34 

280 

o*o8 

340 

0-23 

42 

0*84 

102 

1*83 

162 

a *45 

222 

1-28 

282 

o‘o6 

34a 

0’24 

44 

0*86 

104 

r86 

164 

2*44 

124 

1*22 

184 

0’05 

344 

0’26 

46 

089 

106 

I *90 

166 

2*43 

226 

117 

286 

0'04 

346 

0*28 

48 

0*91 

108 

1-94 

168 

2*41 

228 

1*11 

288 

o’o3 

348 

0*30 

50 

0*94 

no 

178 

170 

a *39 

230 

106 

290 

0’02 

350 

0*32 

5 a 

0*97 

112 

201 

372 

a *37 

232 

1-00 

292 

00 1 

35a 

0*34 

54 

0*99 

114 

2*05 

174 

2*35 

234 

0*95 

294 

O’OO 

354 

0*36 

56 

I ‘02 

116 

2*o8 

176 

a *33 

236 

0 89 

296 

0*00 

356 

0*37 

58 

1*05 

118 

212 

178 

2*30 

238 

0*84 

298 

O’OO 

358 

0*39 

io 

108 

X20 

215 

180 

2*27 

240 

079 

0 

0 

O’OO 

360 

o'4i 


(y^ 2 <T)i 5 A' 

Lunar (Dcclinational) Diurnal. 
( 4 ) 0. 

h~o'^6g COB |(y— ztr);'— 3o8°'87| 
(Y-2(T)t h' (y-2a)t h' (,y-2a)t h' (y 


')t h! 

(y— 2 (t)^ h' 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

0*93 

60 

0*36 

120 

0*01 

180 

0’2I 

240 

0*77 . 

300 

i '*3 

5 

*89 

65 

*32 

125 

*00 

1*5 

•as 

245 

•82 

305 

1*14 

10 

•84 

70 

*28 

130 

•00 

190 

•29 

250 

•86 

310 

114 

*5 

*80 

75 

•23 

135 

•00 

J 95 

*34 

a 55 

*91 

3*5 

1*14 

20 

75 

80 

*20 

140 

•01 

2C?0 

*39 

260 

‘94 

320 

i **3 

25 

•71 

85 

•16 

145 

*02 

205 

•43 

265 

098 

3 a 5 

1’12 

30 

*66 

90 

'I3 

150 

*04 

210 

•48 

270 

1*01 

330 

1*10 

35 

•61 

95 

•JO 

J 55 

•06 

215 

'53 

a 75 

1*04 

335 

I *08 

40 

•56 

100 

•07 

160 

*08 

220 

•58 

280 

1*07 

340 

I 06 

45 

•51 

105 

•05 

165 

•11 

225 

‘63 

*85 

1*09 

345 

103 

50 

•46 

no 

•03 

170 

*H 

230 

•68 

290 

I’ll 

350 

I'OO 

55 

•41 

1^5 

*02 

175 

•18 

a 35 

•73 

a 9 S 

l’I 2 

355 

0*96 

60 

03O 

120 

0*01 

180 

0*21 

240 

0*77 

300 

113 

360 

0*93 
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Solar (Doclinational) Diurnal. 
( 5 ) P. 

4 =o- 376 cos{(y- 2 j;)/- 3 t 6 ‘=‘' 35 }. 


(r-2 

t})t hf 

(y~2//)/ ii ! 

(r-2 

tl )( It ' 

(r-2 

n)t // 

(y-2>/)^ h ! 

(y-2 

n)i h * 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

ft. 

0 

0*65 

60 

029 

120 

0*02 

180 

010 

240 

0*47 

300 

0*74 

5 

•63 

65 

•26 

125 

*01 

185 

**3 

243 

•50 

305 

•74 

10 

•60 

70 

•23 

130 

’CO 
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**5 

250 

‘53 

310 

*75 

^5 

•57 

75 

•20 
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•00 

*95 

•i8 

255 

•56 

3*5 

•75 

20 

*54 

80 

■*7 

140 

•00 

200 

•21 

260 

•58 

320 

‘75 

as 

* 5 * 

85 

•14 

*45 

•00 

205 

•24 

265 

•61 

325 

*75 

30 

•48 

90 

•12 

150 

*01 

210 

•27 

270 

•64 

330 

‘74 

35 

*45 

95 

•09 

*55 

•02 

215 

*30 

^75 

•66 

335 

•73 

40 

•42 

100 

•07 

160 

*03 

220 

•33 

2S0 

•68 

340 

•72 

45 

•39 

105 

‘06 

165 

•05 

225 

•37 

a85 

•70 

345 

•71 

50 

•35 

110 

•04 

170 

•06 

230 

•40 

290 

•71 

350 

•69 

55 

•32 

*15 

•03 

175 

*08 

235 

•43 

295 

•73 

355 

•67 

60 

0*29 

120 

0*02 

180 

0*10 

240 

0*47 

300 

074 

360 

0-65 


Lunar Ellii>lic Semidiurnal. 

((>) L. 

/i = o*o8o cos ^2(y— ^(T— io8 '-27 1 



\vr)t 

h' 

1 

— hvir)t 


0 

0 
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0 
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0 

180 

0-05 

90 

270 

01 1 

10 

190 

•08 

1 100 

280 

*08 

20 

200 

*11 

1 110 

290 

•05 

30 

210 

•13 

120 

300 

•03 

40 

220 

‘*5 

< * 3 ^ 

310 

*01 

50 

230 

•16 

140 

320 

•00 

60 

240 

•16 

I *50 

530 

•00 

70 
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•*5 

; 160 

340 

*01 

80 

260 

•*3 

■ 170 

350 

‘03 

90 

270 

O' I I 

i8o 

360 
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( 7 )N. 

h = o' 6 iz cos |2(y--aflr-f W')/~28 o*^'3i| 

(y— (y — 2<T-f--^t5r)/ k* (y — W)/ h' (y— 

Pi “ rt “ iv ri . 


0 

0 
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0 
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- 

0 
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0 

0 
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0 
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0*01 

90 
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3*6 

I 24 

2 

1S2 

•69 

48 
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"CO 

92 

272 

0 55 

*38 

318 

1*24 

4 

1S4 

• 6 S 

so 

230 

•00 

94 

274 

0 Go 

140 

320 

1-24 

6 
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•60 

52 

232 

•00 

96 

276 

0 O4 

142 

322 

1*24 

8 

1S8 

•56 

54 

234 

*01 

98 

278 

o '63 

*44 

324 

*■24 

10 
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■5^ 

56 

J136 

*01 
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280 

0 73 

146 
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1-23 

12 

19Z 

•48 

S8 

238 

*02 

102 

282 

0*77 

148 

328 

1*22 

*4 

*94 

*43 

60 

240 

•04 

104 

2S4 
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*50 

330 

1-21 

]6 
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*39 

62 

242 

•05 
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280 

0S5 

152 
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18 

1 98 

‘35 

64 

244 
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0*89 

*54 

334 

*•17 

20 

2 CO 

* 3 * 

66 

246 

•09 

no 
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0-93 

156 

336 

115 

22 
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•28 

68 
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112 

292 

0*97 
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338 

113 

24 
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•24 

70 
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- *14 

I 14 

294 

1*00 

160 

340 

I 10 

26 

206 

*21 

72 
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•17 
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296 

1*04 
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342 

1-07 

28 

208 

*18 

74 

254 

•20 

iiS 

298 

1*07 

164 

344 

1*04 

30 

210 

*5 

76 

256 

•24 

120 

300 

1*10 

166 

346 

101 

3a 

212 

•12 

78 

258 

•27 

122 

302 

112 

16S 

348 

0-97 

34 

214 

•10 

80 

260 

•31 

124 

304 

1**5 

170 

350 

O ' 94 

36 

216 

*08 

82 

262 

•35 

126 

306 

1-17 

172 

352 

0-90 

38 

218 

•06 

84 

264 

‘39 

128 

308 

1-19 

*74 

3 54 

0*86 

40 

220 

•04 

86 

266 

•43 

130 

310 
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Limisolar Semidiurnal {{Evcction) and {Variation)), 
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Solar Elliptic Semidiurnal 
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The following example will illustrate the manner of computation at pre^ 
sent employed, in which the w’hole of the evaluated tide-components are 
taken into account, exco])ting those of long period, the values of which, for 
Kurraehee for successive years, liave not agreed well together; they have, 
tlierefore, hec'ii omitted in the computation* 

Tind the height of the tide at Iv\irrachee for every hour of the day for 
IS()8, Xovemher 2, commencing at 0*' astronomical reckoning. For 1868, 
November 2, O’’ Kurraehee mean time, 

iSidcr cal time =; y:;=221-80, 

8uns mean longitude = ?;=:221’S6, 

^toon^s mean longitude = o-= 67*42, 

Moon’s mean anomaly = 0— 'w=281*00, 

from which the wdiolc of the arguments can be obtained. 

The values of the arguments for the succeeding hours arc obtained from 
the arguments for noon by successive additions of their respective hourly in- 

* In the lunisolar declinntional diurnal and semidiurnal tide iho sum of and B^ 
less 0 29 ft. was applied. 
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crements (p. 361 ), and those additions may bo continued for any period 
whatever. These are most readily obtained by the use of the arithmometer 
of Thomas (de Colmar). 

The residual differences, on this and the following page, are for the most 
part negative, and indicate that the mean height of the water on the day in 
question was above the mean height of the water for the whole year. On 
trial it will ho found that the excess equals 0*15 of a foot, a quantity such 
that, if applied to the residual differences, will make them all very small. 
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On the Brif/hton Waterworks, By Edward Easton^ C\E,, F,G.S> 

[A couimunication ordered hy the General Committee to be printed in extom.] 

OiiViousLY tho first question an engineer asks wlien called upon to design 
works for tho supply of water to a large population is, From what source can 
water of pure (piality, and practically inexhaustible in quantity, be obtained? 

On taking a survey of the country surrounding Brighton, its most striking 
feature, probably, is the entire absence of all streams, and, indeed, of all signs 
of the existence of the water tlic engineer is in search of. Standing on one 
of the higliest Downs a])ove the town, and looking down upon ilie slopes and 
valleys below liim, the aspect of tho count ry,as far as the eye can reach, appears 
for his purpose as unproinising as the (treat Desert of Sahara. But just as 
in that vast arid region there exists beneath the burning sands the element 
which, by tho application of scieiititic knowledge and mechanical skill, will 
change tho useless desert into a fruitful plain, so lie concealed within tho 
apparently dry material of the chalk stratum streams of excellent water whicli, 
though not ])resenting to the eye tlie beauty so a dmii'ably delineated by our 
great English painter, are none the less unfailingly tiowing to the sea.’’ 

Let us imagine our observer overtaken by one of those sudden and violent 
storms of rain wliich were so frequent during tho earlier part of this year. 
Ho is looking down into a basin naturally formed in tho chalk of perhaps 
two S(puire miles in extent. The middle or bottom of the basin is at least 
00 feet below the lowest part of its sides. In an liour there falls sufficient 
rain to till the lower and smaller area of tho basin to the depth of several feet. 
No such result, however, follows tho downpour ; the rain disappears as quickly 
as it falls, and in less than an hour tho surface of the ground is as dry as it 
was before tho storm. The water has all been received into tho absorbing 
ground, and is finding its way through the pores of the chalk down into sub- 
terranean streams and so into the sea. That this is tho case can be ascertained 
by walking down to the shore at low water, and tasting any of the numerous 
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rills flowing from tlio higher parts of tho beach through the shingle. Hut 
these streams arc rills and not torrents, as they might be expected to bo 
after the enormous downfall of rain ; and there is clearly some storage reser- 
voir iniei;yoning w^hich has prevented its immediate discharge. This is the 
chalk itself, which acts as a sponge and stores np the water until saturation 
takes place, and it is obliged, as it were reluctantly, to give up what it has 
lost the power of retaining. 

The problem now to bo solved by the engineer is, IFow can this water 
thus running Avastefully into the sea be made use of for the purpose in view ? 
A dcscrix)tion of tho waterworks constructed for the sui)ply of this place will 
go far to answer the question. Erighion has always been supplied with 
water from wells sunk in the chalk stratum. In a description of the town, 
written in tho year 17Gl,by 3)r. Ilelhan, a pliysiciaii who succeeded tho 
’well-known Dr. llichard llussell, it is stated : — “The town is supxdied from 
a variety of wells. The water most esteemed by the inhabitants is drawn 
from a well in North Street, and that ^neferred by the Company is obtained 
at the Castle Tavern. These waters answer every domestic purx)osc of life 
extremely well ; and as the qualities of springs of any place have been from 
tho time of Hipi)ocrates to this day looked upon as a mat’k of those of tho 
air, the sweetness and goodness of spring-water hero may with propriety be 
esteemed a corroborating proof of the healthfulncss of the air of this town.’^ 
Such wells as these supxdied the inhabitants until about the year ISSO, 
when a Compan)’ was formed by a few i)ublic-si)irited men, the late ]^^r. 
Peter Cazalet and Dr. Taylor, who, 1 believe, is still living, being among its 
most active members, and a system of waterworks was cstablislied. A well 
was sunk near tho Lewes Hoad, about 1 mile in a direct lino from tlie s(‘a- 
shore; and the water obtained was pumped by steam into a reservoir 
feet above tho sea, and thence di.stributed through inpcs over the town. It 
was soon found that a single well would not give sufticient for the rax)idly 
increasing population, and that tho engines drew the water faster than the 
springs would give it ; and tunnels or adits were driven in the form of a cross 
for the double purpose of obtaining more water and of making a storage fimu 
which the pumps might draw. A boring w as also made into the chalk below 
to a great depth, but, for reasons -which will bo presently apparent, without 
any beneficial result. In the year 1852, in consequence of the great com- 
plaints of the scarcity of water, a new Company was formed, and an Act of 
Parliament obtained authorizing the construction of more extensive works. 
In the following year another Act was passed, by which the old ( umx)auy sold 
their works to the new comers, and under the i)owers of which the woikj as 
they now exist were commenced. 

It was soon found that the wells and tunnels were totally inadequate for 
the snjiply even of tho services then laid on, whose number was scarctly Imlf 
that of the total number of houses ; and the new Company, acting under tho 
advice of the late Mr. Easton, their engineer, immediately on coming into 
possession of the works, commenced a new series of tunnels on a princij)lo 
successfully adox)tcd by Mr. Easton in the year 1(S34 when constructing works 
for the supply of the town of Kamsgatc, a principle, as far as the writer is 
aware, which had never been before proposed, llamsgatc, as is well known, is 
built on the Chalk formation of the Isle of Thanct. JVfr. Easton, in making 
his survey of the locality, observed that all along the sca-eoast there issued 
at the base of the chalk cliffs numerous streams of fresh water running across 
the beach into the sea at low water ; and he concluded that these streams 
came from cracks or fissures in tho chalk, and that if tunnels were driven 
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in a direction parallel to the sea, and at about the level of low water, these 
fissures would be cut across and the water intercepted and stored in the tun- 
nels, His conclusions wore amply verified, llamsgatc has been supplied 
since the year 1836 from wells and tunnels made on this principle. 

The town of Brighton is very similarly situated. For at least 6 miles to 
the north, as many to the Avest, and nearly 8 miles to the eastward, there is 
a succession of Chalk Downs untravcj-sed by any river or stream. The geo- 
logical formation is that of the Upper Chalk with flints. Throughout the 
Avhole of this district (with a few exceptions of no importance) there is no 
system of agricultural drainage : none is rt'quired. The Avholo of the rain- 
fall, except that absorbed by the vegetation or given off by evaporation, per- 
colates at once into the chalk, and has its chief outlet in tlic sea as before 
described, — its chief outlet, because all round the base of the great escarp- 
ment at the northern boundary of tlic Chalk Downs there flow out springs 
more or less copious, Avhich are formed b\’ the overflow of the great chalk 
reservoir Avlicii saturation has taken place. Such s])rings, for iiistfince, are 
those at L*oynings, at Ifliimpton, and at Clayton. Tliey iind llicir way into 
the sea by the river Adur at Shoreham on the west, and the Ouse at Xcw- 
liavtm on the east. volume of these springs, however, is but a very 

small p<u*eentage of the total (|uaulity of i\iinfall, the main body of Avhich is 
absolved by tlu! chalk, and l)y its metiiis travels to the sea. Ihit although 
the (‘balk is as absorbent as a sponge, it is ecpially unready to give up its 
coni cuts ; and, eonse(pienily, were it not for some outlet more free and open 
than those aflordod by its own pores it would necessarily overflow, and the 
ordinary ])b(*nomena of surface-streams Avoiild result. These freer outlets 
areproAided in the shape of clefts or fissures extending almost from the 
surface doAViiAvards to a very great depth, Avhich have been formed in all pro- 
bability, in the first instance, and continually kept open, by the action of the 
Avaler throiigli a vast staaes of years. AVhere the stratitieation of the chalk 
lias not been disturbed by local upheaA'als and di'pressions, these lissiires are 
almost invariably at rigid angles to the coast-line : cacli is entirely inde- 
pendent of its maghliour, and foimsin itself a small rivulet, a\ hi eh takes its 
origin from tlie supersaturatiuii of the chalk, and Ikjws doAVU colh*eling Avatcr 
as it goes, and finally discharges itself into tlie sea. The sides of these 
fissures are geiuuMlly of the colour of mahogany, caused by the infiltration of 
smiill particles of the upper clays, and are polislu'd by the continuous friction 
of the Avater. TliefssuK s vary in size, bid are seldom more than a few 
inclu's ill Avidlh, and generally not more than j of an inch; there is there- 
fore considerable resistance to the passage of tlie Avater, and coiiseijiientlj" as 
the body of the chalk gets full the pressure keeps on increasing, as shown by 
the varying level of the Avatcr in the Avells. The diagram on the wall shows 
the (|uaidity of laiiifall of each inoiitli for the 10 years 1862 to 1872, ami 
also the fluctuations of the level of the AAutor in the Avells on the Lewes 
Hoad. This latter varies, as Avill he seen, from as low as o feet in do])tli in 
the autumn of the year 18t)l to as much as 88 feet in dt^jdli in the spring of 
the year 1866. Speaking generally, the maximum quantity of Avator in the 
chalk is in ^larcli eacli year, and the minimum in October to December; and 
the curve formed by the depths of the Avater folloAVs that of the (piaiitity of 
rain at an inttu’val of four months, the highest iiarl of the one curve being 
n(*arl)' coincident with the loAiest of the other. It folloAvs that the chalk is 
acting exactly as a storage reservoir, and is receiving the surplus rainfall of 
the months of October, NoA’embor, December, and January (avIicu, in con- 
sequence of tlie low temperature and the comparative sluggishness of vege- 
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tation, nearly all that falls goes down to feed the springs), and giving out in 
• the aunnner the quantity so stored. At intervals the reservoir becomes full 
to overflowing, and then is seen the same phenomenon which is known in 
the Caterham valley as the rise of the Bourne, and the surplus water bursts 
out. This happened in 1852 in the Preston valley, wlien there was a con- 
siderable stream running down the London Road, and in 18GG in the Lewes- 
Road valley, when the basements of the houses were flooded with the spiing- 
water. A similar bourne or overflow occurs periodically after wet seasons 
and runs down through the town of Lewes. 

The course of the rainfall, in its passage to the sea, is still further illus- 
trated by four sections, which show the depth of wai er in a number of wells, 
soundings of which were all taken at the same time. Sections A, B, C give 
the soundings of Avells situated in linos running northward from the sea, and 
as nearly as possible at right angles to the coast-line. Section D gives the 
depths of several wells dug at about the same distance from the sea, along 
a line running from E. to W. It will be seen that there is a uniform slope 
in the water-level of the chalk in the former sections, whilst the water- 
level in the latter is almost the same throughout. The furthest of the wells 
in sections A, B, 0 is not more than 2 miles from the sea ; but levels taken 
to a well lately sunk at the foot of the chalk escarpment, about 1 mile east 
of 'the end of Clayton Tunnel, show that the water there stands at the height 
of about 250 feet above low water, and that the line of the water in section 
B B would, if produced, very nearly cut that of the well just mentioned, 
which is about 0 miles in a direct lino from the coast. 

Up to the year 18()5 the whole of the town was supplied from the Lewes- 
Road Works; hut in that year it was determined, in consequence of the 
great demand for water, to erect another pumping-station oji the west side. 
Accordingly a well was sunk at Goldstono Bottom, and tunnels driven to the 
extent of about a quarter of a mile across tlie valley, parnllcl to tlic sea. 
Goldstone Bottom is a naturally formed basin in the chalk, the lowest side 
of wliich, nearest the sea, is more than 00 feet liigher tlian the middle or 
bottom of the basin. The water is obtained, as at Lewes Road, from fissures 
running generally at right angles to the coast-line ; but they are of much 
larger size and at far grcalcT disl ances from each other : whereas at the Lewes- 
Road Works it is rare that 80 feet of tunnels were driven without finding 
a fissure, and the produce of the largest was not more than 1 00 to 1 50 gallons 
per minute, at Goldstone nearly 100 feet were traversed without any result, 
and tlicn an enormous fissure was pi(Tced, which delivered at once quite 1 000 
gallons per minute ; and the same interval was found between this and the 
next fissure, wliich was of a capacity very nearly as great. In consequence of 
the great size of these there is a much freer vent to the sea, and the water 
stands relatively to the Lewes-Road valley at a much lower level, being gene- 
rally not more than 25 feet above low wat cr. The fluctu ations also of the water 
are not great, the diflfcrcncc of tlic quantity of water being felt rather by the 
impossibility of the pumps lowering its level than in its rising higher. 

The total length of the tunnels at Lewes-Road Works is 2400 feet, and at 
Goldstone 1300 feet. 

So much for the sources of the water. A short description of the pumping 
and distributing works must now bo given. 

The district supplied by the waterworks comprises not only ihe parish of 
Brighton, but the neighbouring parishes of Hove and Preston. The number 
of houses supplied, which in 1854 did not much exceed 7000 when the new 
Company purchased tho works, had risen on the 1st of August last, wlien 
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they were transferred to Iho Corporation, to 18,000. The number of inhabi- 
tants at the last census in the whole district was 103,000, to which must bo 
added, in tlio fashionable season, from 30,000 to 50,000 visitors. 

The area of the district is considerable, being, as nearly as possible, four miles 
in length from east to west, and about two miles from north to south. The 
ground is very undulating, varying in level from 30 feet above the sea to as 
much as 450 feet. In order to avoid lifting the water higher than is neces- 
sary and at the same time to prevent undue pressure on the service-pipes 
and fittings, the plan has been adopted of dividing the district into four zones 
or scrrices, each fed by its own reservoir or reservoirs, with its own system 
of main pipes. The highest zone (at presemt but little built upon) is com- 
manded by a reservoir containing 500,000 gallons, built at a height of d50 
feet above tlic sea, on the Down, about half a mile north of the Ciraiid Stand 
of the raeocourso. 

Tho next zune is called the high service. It is fed from two reser\oirs — 
one at Park Hoad on tho cast, containing 500,000 gallons, ajid the other on 
the Dyke Hoad, on tho west side, containing 600,000 gallons ; both of these 
arc at the same level of 300 feet above the sea : they are connected by distri- 
buting mains, and give a siip]>ly to about two nintlis of the town. 

Tho third zone is the middle service, suppl^Ning about three ninths of the 
whole number of inhabitants. It draws its hii]>l>ly from a reservoir nbar 
Hrightoii Park, containing 2,0o0,000 gallons, tlic watc'r-ic'Vi'l being 220 
feet above tho sea. 

The remaining or low service supplies about four ninths of t]\c whole, and 
is fed from two reservoirs — one a])ovo tho l.owes-Hoad Works containing 
1,000,000 gallons, and the other at (loldstono Hotlom 600,000 gallons. 
These are at the level of 150 feet above the sea. 

The high and low services, as already mentiojied, have rcscivoirs at the 
same level on botli sides of tho town, witli main ].ii)('s coiniceling them 
together. Those on tlie west side were eonstructed in Im> 3 ami J^65, vhen 
the western distrud 8 increased, and it was found dillicnlt, in oouvsoquoncc of 
tlio great length of the siip])ly main, to give jnoper ])r(\s.suro at the extremi- 
ties of the districts. Tlie circct of putting them at the ham(‘ level is that 
during the night, when little water is drawn by the cunsunu'rs, the water 
pumped into the reservoirs on the one side passes through the mains to those 
on tlic other, and becomes available in the morning for serving the houses, tlic 
supply being drawn at an equal piTSsure from both reservoirs simultaneously, 
the length of the supply mains being thus prnctienlly reduced by one half. 

All the zones are connected together, and stopcocks are arranged so that, 
in case of fire, tlie water from the upper can bo let down into the lower 
service mains, self-acting valves being fixed on the outlet of each reservoir 
to prevent the passage into it of the water from the reservoir above. 

llie total quantity of water pumped daily varies Iroin 2^ millions in tlie 
winter to 3 millions in the summer months. Tlic amount per head per diem 
is from 1 7 to 26 gallons, including street watering and large consumers. 

Tho water is supplied both on the intermittent and eonslant system. 
When the new Company obtained their first Act, the intention was to furnish 
a supply only on the constant service ; but on buying the old works they found 
themselves unable to keep up the supjdy in consequence of the enormous 
waste of water caused by the old fittings in the houses ; and as they could 
not obtain any relief in the shape of delay, hut wore obliged at once to give 
constant service, the Directors determined to lay a duplicate set of service- 
pipes in every street, so that when called upon they could give either form 
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of supply to every house. This was done, and Brighton is now in tho 
position of being able to give constant service to one house, and intermittent 
to the house next door in tho same street. The number of constant-service 
customers now amounts to about 5000. 

The pumping-powor at the two stations of Lewes Koad and Goldstone 
Bottom is as follows : — 

At Lewes Koad there are two engines of the nominal power of 100 horses 
and 150 horses respectively, the one capable of raising out of the wells 
130,000 gallons per hour, and the other 150,000 gallons per hour: tho 
boiler-power at this station is equal to about 350 horses. 

At Goldstone Bottom there is one engine of the nominal power of 150 
horses, raising 150,000 gallons per hour, and supplied with steam from three 
boilers of tho collective power of 210 horses nominal. 

The wells and tunnels at each station are capable of affording at tlio 
dryest season the maximnin daily supply of 3 millions of gallons. 

The engines arc all on AVoolf s principle, high and low pressure condensing 
beam-engines, the smaller cylinder being 28 inches diameier, and the larger 
40 inches, the stroke of the latter being 8 feet. They are erected directly 
over tho wells, wliich are of an elliptical shape, 12 feet across the longer and 
8 feet across tlic shorter axis. The centre of the beam is immediately over 
the centre of tho well. On each side of the centre, at the bottom of tlie 
wells, is fixed a single-acting pump 2i)i inches diameter, 3-fect stroke: 
these pumps raise the water into the low-service reservoirs above described. 
Also under tho beam, at the crank end, is fixed a bucket and pliiiig(T 
double-acting pum}), drawing its water from tho delivery of the de(‘p-well 
pumps, and forcing it to the high or middle service at pleasure : this pump 
is 2 feet diameter, 4-leet stroke. At the Lewes-Koad Works there are also 
two sets of three tlirow-pumi>s capable of raising 400 gallons per minute 
each, and at Goldstone a horizontal double-acting pump, equal to GOO gallons 
per minute, for the middle service. The liighcst service of all is fed only 
from tho Lewes-Koad Works, there being a separate double-acting pump 
under each engine at that station exclusively for its supply. 

Thus each of tho engines at tlic same time can pump into all tho ilireo 
zones or services, and keep up the supply without any manipulation of coc.ks 
and valves, and without altering the working pressure on the engine. 

The reservoirs are all constructed in the chalk of brickwork, witliout any 
jniddle ; they are lined with two courses of tiles in pure cement, and are arclted 
over with 4 ^ arches in cement, and covered 12 inches to 18 inches deep 
with soil. This arrangement keeps tlio water perfectly pure and coo], and 
prevents the vegetation vdiich grows so quickly in chalk water when exposed 
to the action of light and air. From the time of its leaving the tunnels at 
the bottom of tho wells to its being delivered into the houses it is never 
exposed to any contaminating influence, and is thus used by the inhabitants, 
especially those on the constant service, in a perfectly pure state. 

It will be seen from the foregoing that — 

1. There arc two distinct sources of su 2 )p]y, each sufficient at tho dryest 
season to give the maximum quantity required, and capable of still further 
development as the town increases. 

2. There are three sots of pumping-apparatus, each equal, on an emer- 
gency, to the delivery of tiiis maximum quantity in 24 hours. 

3. There is besides a reservoir storage of two days’ supply, on tho average, 
for each zone or service. 
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On Amsler^s Planimeter. By F. J. Bramwell^ C.E, 

[A communication ordered by the General Committee to be printed in extenso,] 

This raadiino for measuring Iho area of any figure, however irregular, by the 
mere j^assage of a tracer round about its perimeter, has now been in use for 
some years ; but, so far as tho writer is aware, no easily intelligible statement 
of its principles of action has ever been made? public. 

Although no doubt the mere construction of tho planimeter is now generally 
known, it may enable tho explanation which is about to bi‘ offered to be 
more easily tollowcd if a sketch of the actual machine, as at work upon a 
map, bo given here (see fig. 1 ). 


kig. I . 



Assume the planimoter to bo anchored by its point X, and the tracer T to 
bo at some place, say A, on tho circumference of the area to be ascertained ; 
and assume tlu; indices on the first wheel 11 and on tlio second wheel S to ho 
at zero, and that then iho tracin' T bo carried along tho perimeter of tlio 
area in tho direction of the arrows (with tho sun), tho indices will give a 
reading up to four figures, which will represent square inches, to two places 
of whole nurahors and to two places of decimals. 

This movement of tho indices is efibeted by tho wheel B, tho edge of which 
bears upon the paper, so that as tho tracer T is made to go round about the 
figure to be measured, tho wheel 11, from its contact with the paper, receives 
rotary motion, and by means of tho worm-pinion L and worm-wheel ?/, 
communicates a diminished motion (l-lOth) to the horizontal wheel $. 

1872. 2 E 
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The circumference of the wheel II is “ divided,” and it works against a vernier 
at y ; tho horizontal wheel s gives “ tens” in square inches, the larger divisions 
on the travelling wheel E ‘Minits,” the smaller divisions on that wheel 
“ tenths,” and tho vernier ‘‘ hundredths ” of square inches. All that has to 
be done for ascertaining an area is to read the indices after the machine is 
anchored and the tracer is put to the starting-point; hut before it is started, to 
book tho reading, to re-read after the circuit of the figure has been made, and 
then to deduct the first reading from tho second ; the remainder gives the 
area (in square inches and decimals) of the particular figure. 

The foregoing being, briefly stated, tho construction, the manner of using, 
and the result of that using of tho planimcter, it now remains to endeavour 
to show, as intelligibly as possible, why it is that such an implement, by 
merely following the boundary of a figure, should give with absolute 
accuracy the arofi of that figure. 

Buch a proposition at first sight appears to involve an impossibility. One 
is in tho habit of saying, and of most truly saj'ing, that there is no fixed 
relation between perimeter and area; and of sajdng, moreover (and olso truly), 
that not only is this the fact when areas of great irregularity are dealt with, 
but, as regards direct proportion, it is also the fact when the most regular 
figures (figures in all respects the same, except in their actual size) arc under 
consideration; for it is as true that the eircumterences of perfVaitly n'giilar 
figures like circles bear no more fixed direct propoi'tion to tlie areas of those 
circles, unless tho exact size he known, as it is true that tin* coast-line of 
Norway, indented with its deep fjords, b('ars no more relation to tho an'a 
of that romantic country than tho perimeter of a ])rosai(‘ rectangular jxu’tiou 
of the United States hears to the s<piaro miles of prairie contaiiieel witliin it. 
These things being so, it does, as has already been said, siaaii at first sight 
absurd to endeavour to obtain from the traverse of a perimeho’, l)e tbal 
perimeter the most regular irnaginahh' (ami if possil)le still more absurd wlaai 
that perimeter may be the most irn'giilar imaginable), the corn'ot area con- 
tained witliin it, not merely in terms of tlie perimeter, but in a dellnilc stan- 
dard measurement, such as square iiiclu's. 

As a preliminary to the investigation of tlic action of an ehmicntary jilani- 
mclcr, let the results of the moving of a plain cylinder in contact Avith a flat 
surface, and under certain varying conditions, he considen d. 

Assume a cylinder, as A in fig. 2, and that it is intended to move that 
cylinder parallel with itself in the direction shoAvn by the arroAv, over Ibo 
length .V y. The cylinder may be (Isl) at right angles to the direction in 
which it is to bo traversed, as in A Ah If under those circumstances the 
cylinder be moved from x to y and brouglit into the position as dotted at A', 
the motion AviU be entirdy one of rolling, Avitliout any sliding whatever ; and 
if there were upon the surface a trace {x y) of ink capable of making a mark 
upon the cylinder, there would he found circumfcrentinlly upon it, Avhcii it 
had reached the new position, a lino, the length of which tvoiild ho cipial to 
X y, (2nd) The cylinder may be placed Avith its axis parallel to the direction 
of motion, as at A A“ ; then no rolling action would take place, hut the cylimbu* 
would simply slide endways upon the surface. The c)dindor would, liowever, 
still bear upon it the trace x y, equal in length to the distance it bad moved 
through, but that trace would bo obviously a more vstraigbt lino in the direction 
of the axis of the cylinder. (»Tr(l) Tho cylinder may he in a position iutej-- 
mediate between that of A A^ and A A''^ ; that is to say, may be noithcr at 
right angles to the line of motion, as in A Ah nor parallel with the line of 
motion, as in A A'h hut at an angle thercAvith, as in A Ah In this instance. 
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on tho cylinder being caused to traverse from xioy, the motion will bo one 
compounded of rolling and of sliding ; tho trace will still be made on tho 
cylinder ; the length of that trace will be, as before, the length x y, but the 
trace will now bo a spiral, which may bo developed into tho triangle x y 
and the base x z will boar such a relation to the hypotenuse x y as the 
base m n of the triangle mno bears to tho hypotenuse n o. But it has been 


Fig. 2. 
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said that in tiio journey from x to j/ the cylinder will have had a motion 
compounded of sliding and of rolling ; the extent of the rolling will clearly 
bear that proportion to the total traverse a; y that the base m n bears to the 
hypotenuse n o ; and (his proportion may obviously be any thing between the 

Jt "E ^ 
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absolute equality which would exist in A down to the absence of all rolling 
motion which would obtain in the case of A A^. 

These preliminaries being stated, let it be inquired how they apply to the 
action of the planimeter. For this purpose it will be well to refer to the 
sketch, fig. 3. This sketch shows an imaginary elementary planimeter, used 


Fig. 3. 



to ascertain the area of the rectangle A B C B, the length of each of its sides 
A B, C D being 5 inches, and the length of each of its ends DA, C B being 2 
inches, so that its area is 10 inches. Let M be a block carrjdiig the pivot N 
and capable of sliding in the straight groove 0 0 in the bridge B, pinned down 
over the paper, and let (1 be a rod pivoted at N, and say, for the sake of 
illustration, 5 inches long from the pivot N to the tracer T at its opposite 
end ; and lot it have on it, say at B, a wheel 11, having a circumference of 
exactly 2 inches ; and also, for the sake of a second illustration, let there bo 
similar wheels as B', B" free to revolve on the rod Q, at distances greater 
than the distance of the wheel B from the pivot N ; and let there be to one 
of the wheels, say B, a pointer 8, to enable the graduated divisions on the 
circumference of B to be read off. 
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Now lot it bo assumed that the tracer T is moved from C to I) ; the result 
will bo that during the motion the block M will gradually pass along the 
groove 0 until tho time when the tracer T has reached D ; and then, as the 
length of tho rod Q is exactly 5 inches, equal to the length of the side C D 
(5 inches), the block must have passed along the groove 0 until the centre 
N in that block is immediately over the point C, and tho centre lino of Q is 
coincident with the line C T). If, now, the tracer T bo moved along the 2 
inches from T) to A, the block M must move parallel with it, and tho axis Q 
of th(i wheels 11, It', It" will tluTcforc be at right angles to tho line cf motion, 
and the wheels themselves will, like the cylinder A in A A* of fig. 2, have a 
rolling motion, and a rolling motion only ; and thus by the time the tracer T 
has reached the point A, these wheels will each have made an entire revolu- 
tion. If, now, the circumference of II or If, 11" lias been divided into ten 
equal parts, mid if on setting out from 1) jiaiiis had been talo n to put the 
wheel M with its zero mark to the pointer 8, it would ho found, on the arrival 
of the wheel at A, that it had made <‘in entire revolution, and that therefore 
tho index would read 10, cipial 10 square inches — viz. the multiplication of 
the length of the radius Q (5 inclu's) into the circumference of tho wheel E 
(2 inches). 

Now let it be assumed that tho implement is to be used for the punioso of 
measuring anotluT rectangle A BCD, also of 10 inches area, having its sides 
and ends respectively 2 inches and 5 inclics long ; so that in this instance 
(see fig. 4) th(‘ (aids have the ri-ineh measurement in lieu of the 2, and the 
sides have tho 2-inch in lieu of the 5. Once more let the tracer I be moved 
from C to D ; tho block M will now have only passed along tho groove 0 a 
comparatively insignificant distance towards C, and the rod Q will lie at the 
angle shown, so that it will form the hypolonuse (o inches long) of a 
triangle of which the base will bo Cl) (2 inches long). If, now, the tracer T 
he moved from 1) to A (5 inches), the block M will make a similar motitm in 
the groove O ; and when the tracer T lias reacluHl A. tho rod Q will have 
moved ])arallel to itself, and will be found in the position shown in fjg. 5. 
But, as has alnaidy been said when speaking of A A”^ of fig. 2, if a cylinder 
oapuhlo of rotating ho caused to move over and in contact A\ith a suiiace 
when it is in a position neither parallel with, nor id right angles to, the line 
of motion, and if it he made to preserve its own parallelism, tlio result will 
be a motion compounded of sliding and of rolling, and the amount of the 
rollin‘^ will bear such a relation to tho ^\hole motion as tho base ?/? u b("ars 
to the liypoteiiuse n o. In the instance, tliereforo, under ^eonsideration the 
ratio of rewolutiou to the whole motion will be that of 2 to T) ; thendore if the 
zero on the wheel E wen' liroiight to the pointer 8 at the time of sdtiug 
out from [), it would ho found, when tlu' tracer had arrived at the end A ot 
its r)-inch iourney DA, that the wheel E would have made just one revolu- 
tiou, and that the figure 10. indicating 10 square inches, would ]>resent dsolf. 

From a considi'ratioii of tho foregoing two eases, it will b(' sik'U that the 

rate ” of rotation of tho whend E, when it moves along the line' D A, depends 
upon tho lengih of the line CD, and the “quantity'’ of such rotation upon 
that of the line D A. Tliese two (-xi»ressious, “rate” and “ quantity, will 

ho used hereafter in the above senseis. ^ ,, , ,, i. i r* 

As an illustration of “ rate ” and “ quantity, suppose that the rectangle of 
fi«- had only lu'cn half as long as the one that has been considered, namely 
2^ inches and had been hounded by the line D' A’ ; if, tlien, the tracer had 
been moved from D' to A>, tho “ rate” of revolution of the wheels E <fcc, 
would have been one half of the total distance moved through by the tracer, 
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because C D' (equal 2^ inches) is one half of the length of the rod Q, The 
quantity of motion in going along D' to A' would, however, have been the 
same as it was in passing from D to A, because D' A‘ equals D A ; but an 

Fig. 4. Fig. 5. 



equal quantity ” into half the “ rate ’’ will only give half the total amount, 
and therefore the wheels 11 would have recorded a half revolution, equal 5 
square inches, thus accurately giving the area C D', A^ B. On the other hand, 
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assume that the height of the rectangle had been halved, and that it had been 
bounded by tho lines C D, J3" li^, then tlie wheels 11 &c. in traversing from D 
to D" would do so at their full “ rate of revolution, the line C D being 5 
inches long ; but the “ quantity ’’ of such revolution would only be half that 
which it was in going from D to A, because DD" is only half DA, and 
therefore tho wheels again would register but a half revolution, indicating 
truly tho 5-inch area of tho 5 -inch by l-inch parallelogram D D", C. 

In each of the foregoing cases it has been assumed that the index is read 
when the apparatus is about to start from D, and is re-read when it reaches A. 
Such a reading would ho quite sutliciciit in the case of a rcetaiiglo where tho 
groove O 0 is assumed to be in the prolongation of one of the sides (B C) ; 
but under any other circumstances the complete circuit of tho figure must be 
made. To test this, let it bo assumed thatllu' tracer T starts from C, and that 
the index on B is read just before the starting, and then let it be examined 
when tho tracer T has reached D ; it will ho found that the wheel It has 
received an amount of rotation a])proxiinately that duo to its traversing the 
arc of the radius X It, tliat It' lias received a larger amount of traverse, and It" 
a still larger amount, owing to their greater distance from tlie centre X ; hut 
it will bo afterwards found that these amounts of revolution may be wholly 
neglected, and that they will not come into the final computation, because, 
assume the tracer T to have attained to the point A and to have put into tlu', 
wheels 11, li', B" the one revolution which it has been seen that traverse would 
give, those wheels would bo found at A (were there any means by multi- 
plying gear, as in the actual machine, to record more than the one revolution) 
to have made tlui one revolution (‘acluplus the varying amounts of revolution 
which they would have received iu their journey from C to D. But iu their 
back journey from A to B it is manifest they will each of them unwind (if 
such a phrase may be used) exactly the quantity of revolution which was 
put into them in moving from C to D. Furtlicr, during the passage from 
to C to complete the circuit, the direction of motion being parallel with tlic 
position of the rod (i, the axle of the wheels B, B^ B", no rolling movement 
will ho communicated to them, as they will be in the condition of the cylinder 
A A" of fig. 2, and will merely slide over the paper, so tliat on the arrival of 
the tracer T at C, having made tho circuit of the rectangle, there will be 
found in them the one revolution, and neitlier more nor less than the one 
revolution, generated by the traverse from D to A. 

Tho next point to bo pro\ed is the manner in which tlic implement will 
truly record if the groove 0 O be not oit the Hue produced by prolonging one 
side of the rectangle. Let fig. H represent a rectangle, say 2 inches long on 
its side C D and 5 inches liigh at its end DA, and containing therefore 10 
square inches, and let X Y bo a line parallel with B C, and as far removed 
(2 inches) on tho right hand from it as D A is removed from it on the left 
hand, and let the groove 0 (3 be on the Hue X Y" ; then, if the tracer T were 
to stand at C, and the wheels B tfcc. were at zero, and if the tracer were 
tHcn moved along the line CB, there would be put an amount of revolution 
into B wbicli would be compounded of tho ‘‘ rate ” due to the length Y C 
and of the “ quantity ” belonging to tho length C B, or 2 multiplied by 5 
equal 10 inches, equal one revolution of B. But if now tho tracer T bo 
brought back again along the line BC, ilie wheel B will unwind tlic revolu- 
tion that was put into it, and on its return to C will he found at zero. 

Having thus premised tliat during the passage of the tracer T from B to C 
tho wheel B will have unwound or made a negative (piautity expressive of 
the rectangle B X Y C, let the measureiiieiit of A B C D he considered. As- 
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Slime the tracer to start from C, and the wheels 11 &c. to be at zero, then in 
the passage from C to D varying revolutions would bo put into these wheels 
corresponding approximately with the length of their arcs about the centre N ; 


Fig. 6. 



then, on the arrival of the tracer at "D, the ratio for the rale” of trace between 
1) and A will be establLslicd, viz. the pro]>ortion whidi Y 1) (4 indies) bears 
to the 5-hich length of Q, equal four fifths of tlie motion whidi the tracer T 
is about to make along I) A ; but the distance 11 A is i) incht's, and tbereforo 
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the wheels 11 &c. will make a further 4 inches of circumferential movement, 
equal 2 revolutions, indicating 20 square inches. If, now, the tracer T be 
moved from A to B, there will clearly be unwound from all the wheels B &c. 
the amount of motion that was put into them in traversing from C to D, 
and thus the wheels E &c. will all be left with the double revolution indicative 
of 20 square inches. The only side remaining to be passed over is that from 
B to C; and if this traverse were devoid of effect on the wheels E &c., as the 
traverse from B to C was in the cases of figures 3, 4, and 5, then the imple- 
ment on arriving at C, at the end of the circuit, would record double the 
proper area, or 20 inches instead of 10; but in the outset of this paragraph 
it was shown that the journey from B to C in fig. 0 would unwind exactly 
one revolution of the wheel E, leaving therefore one revolution remaining, 
indicating, as it should do, 10 8([uarc inches for the area of A B C D. 

Tho next stop is to sliow the ability of the implement to give the area 
correctly of figures wliich arc not rectangular. Assume, as in figure 7, it be 


Fig. 7. Fig. 8. 



will have a certain amount of revolution given to it ; and if it then ho made 
to rise through tho space 1) 1, it will have a rate of revolution equal to tho 
length of the line C D, and a quantity ” equal to tho height D 1 ; if it then 
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pass along the horizontal line 1 2, it will unwind that proportion of the 
revolution, put in on going from C to D, that is represented by tho length of 
the line 1 2. If, now, it be made to rise from 2 to 3, it will have a “ rate of 
revolution equal to the length of the line C D — 1 2, and a ‘‘ quantity'' equal 
to the height of the line 2 3. If it now be carried along tho horizontal line 3 4, 
another portion of tho rovolutiop given by C D will be taken out ; and then 
if it be made to rise from 4 to 5, a further portion of a revolution will be put in, 
having for its ‘‘ rate " tho length of tho lino C D — D 4, and for its ‘‘ quantity " 
tho height of tho lino 4 5. This may be followed through all tho steps into 
which the hypotenuse has been broken uj), and then it will be found, as is 
obvious, that the sum of all tho horizontal lines 1 2, 3 4, 5 G, &c. is equal 
to tho length C D, and that the traversing of them will therefore have 
unwound all the revolution that the passage along C I) had put into the 
wheel It ; but it will also bo found that the sum of all the vertical linovS 
2 3, 4 5, 6 7, &c. is ecjual to 1) A ; and therefore tho ‘‘ quantity " of revolu- 
tion given to tho wheel K will be equal to that wliich it would liave had, had 
it passed up the lino T3 A, while tho means of the lengths of C D — 1 2, C 1) — 
D 4, C D — 1) G, Ac. will exactly e(iiial tho half of C 1), and thus the condition of 
the wheel E in relation to the index 8 will, when it arrives by the zigzag path 
at B, bo precisely tho same as it w'ojiild have been if it had gone by the way of 
the rectan^o C C' C'' B, C C' being half of C 1). A large number of very small 
steps have been taken in lieu of the straight line hypotenuse D B. Obviously 
a greater number of much smaller steps, or an infinite number of infinitely 
little steps, may bo substituted, until the traverse ceases to be made along stc'ps 
at all, and becomes one along the slope line 11 B, in which condilimi of tilings 
the wdieel 11 at any pari of the traverse of tho tracer along tho hypotenuse 
is making a revolution compounded of the ^^rato" duo to its horizontal distance 
from C, and of a quantity " equal to tho rise from 1). The “ ([uantity " re- 
mains constant during the whole journey, but the ‘^rato" regularly diminishes, 
and tho mean of all tho rates " is that due to tho proportion that half the 
length of tho lino C D bears to N T, the length of Q. 

Kow if it has been proved that this elementary planimetcr, no matter 
where anchored, can act cfhcicntly in ascertaining tlic area of rectangles and 
of triangles, it is self-evident that it could truly ascertain the area of any other 
figure, because there is no figure from that of the regular circle to that of the 
most irregular boundary Avhich cannot bo represented by an indefinite number 
of straight lines lying at various angles — that is to say, a circle is only a polygon 
of au infinite number of sides, all equal ; and any’ irregular figure may be 
divided into an indefinite number of sides, most probably unequal. 

It may now be said that the elementary^- planimetcr has been shown to have 
its pivot N attached to the guide-block M working up and down in the straight 
groove 0, that that groove has been sketched with its axis cither in tho pro- 
longation of B C or in a position parallel to B C, 'whereas in tho actual 
planimetcr there is no such straight groove at all ; but tho pivot N is at 11 le 
end of a radius rod, which in its movement causes N to pass througli the arc 
of a circle, and that that arc may have its chord in almost any position in 
relation to the line B C, and thus there are disturbing causes in the planimetcr 
as manufactured which do not exist in the elementary planimetcr. Tlie 
answer to this objection, which at first sight appears so well-grounded a one, 
is that these differences between the real and the elementary planimetcr may 
bo left out of consideration altogether, as they really have no effect wliatevcu’ 
upon the action of the implement. This can he made clear in a very few 
words. 
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Aesiime, as in fig, 8, that the groove 0 0 were placed at an angle to the 
prolongation of the lino li C. If, now, the tracer T bo carried along the 
straiglit lino from C to B, the block Jit will have moved along the groove O 
to Jil, and the wheel It will bo found at II' ; tin's will have communicated an 
amount of revolution to the wheel It due to its change of position to It ; the 
other two wheels (It', It") will also hav(‘ nnuJo movements depending piinci- 
j)ally on their distance from N. Such revolution of It \vill be given without 
reierence to any area to he measured hy the traverse of the trac( 3 r T, for that 
has merely passed along the straight line C B. But on bringing the tracer T 
back to C, the block At and wheels It, It', It" will he restored to the positions 
they lield at the outset, and in being so restored the whole amount of revolu- 
tion put into the wlicels It &c. will bo unwound. 

But iissumo that th(i tracer T, instead of being carried alotig the line C B 
and back agaii^. had Ix'cn taken along the sides of the square CD A B back 
to C, tlio pivot would return to identically the place that it had before the 
circuit was commenci*d ; and whether during that circuit X moved in the 
groov(' 0 0 as placed parallel to the prolongation of C I) in llg. or in it as 
imdined and as sliown by full lines in fig. S, or inclined and curved as dotted 
in that figure, emild iiiako no differeiiee in the final result, because whatever 
amount of revolution might be given to the wlioels R See. by the movement 
of N along the ])at]i of the groove O (b<‘ that groove straight or curved, 
iucliiKxl or not incliTitMl) would be taken out of Ihein again on the return 
Jourmy along lliat same path, 

'riiree wlicels ( R, R', U") have been shown loose on the axle Q of the ele- 
mentary plaiiimeter ; this, as was said, has been done for the mere purpose of 
illustration, t<) show that wherever situated they will register just the same. 

Ill the actual machine as manufactured and sold, the position of the wheel 
is about that which has beiMi given to R, and in this position it serves to 
support tlie hinge-joint, tind is suifieiently far from the tracer T to get rid of 
the dang<*r of lifting the wheel from tlie paper if the tracer T were held a 
little too high. 

It is hoped it lias been made clear that one revolution of the wheel II will 
always exiiress an anai equal to tlu* cireumterence of that wheel multiplied 
into the haigth of the rod Q, the radius X T 

If these elements are constant, the scale of the planimeter reading is con- 
stant ; but if these he ca])ahlo of variation, then the scale can he varied. Ad- 
vantage is taken of this property in the iMmstruclion of one form of the imple- 
ment in which the length X T is made adjustable, and thus the instrument 
nuay he readily arranged to retid cither French or English sujierficial measure. 

llu* pur]ioses for which tlu*. planimeter maj' bo ap])lied are very numerous. 
It gives to tlie Surveyor the readiest means of calculating the acreage of 
whole (*stat(*s or of separate fiidds. To the Hydraulic Engineer it aflhrds a 
mode for ascertaining with ease and certainty the drainage area of a country, 
or the area of the sections of rivers, an important thing when it is desired 
to obtain the dimensions of numerous sections of a stream to ascertain its 
hydraulic mean deptli. To the Naval Architect it presents itself as an aid in 
calculating the areas of the successive sections of n vessel, and thus most 
maieri.ally assists him in readily determining not merely the total displace- 
ment of a vessel, hut those more complex problems which ho has to solve. 

* The implcmonf nstnaniifactiircd and sold has a length of radiiis of about H ^ «^d a cir- 
cimircivnce lor the wheel R of about 2//', gi>ing 10 as the luultipliealion. Tt has been 
staled in the outset that one eouqiletc revolution of thiswluu'I rceords an area of 10 s(piare 
melies. 
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To the Mechanical Engineer it is a groat boon, as by its uso he is onablecj 
rapidly and with accuracy to hud the average pressure upon the piston of a 
steam-engine as given by indicator diagram : all that is necessary is to 
ascertain the area of the figure, then to divide that area by the length and 
the mean height; the representative of tho average pressure is at once 
obtained. » 

There are, no doubt, other instances in which such an implement is of great 
use, but the writer feels it is unnecessary to adduce them in support of tho 
claim of tho planimetcr to tho consideration of engineers and of men of 
cognate professions ; and he brings his paper to a conclusion witli the expres- 
sion of a hope that ho has by the use of plain, in fact homely, description 
solved tho problem which he set himself in the outset, and has made it clear 
how it is that the area of any hgure, however irregular, can be recorded in 
definite standard units of measurement by the mere passage of a tracer along 
the perimeter of that figure. 
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IMATiri-niATlCS AXl) PHYSIC’S. 

% AV vKHiiX 1 )e Lv Pl’k, /w/., Ph.J)., FJLS., rJ\C,S., 

I Pres n hilt of the Sid ion. 

^Fy in this Cliair tinvi* you nii ni}in\ '«iiil)j(‘ots of hijjfli interest 

in MatluMimtieul an<l Pl)\>i<‘al S(‘i(‘nr«‘ : 1 do not r(»iitrin|)late passing in review 
lh(‘ recent diseov<‘ri('s in Astronomy or l‘li\ snail vS^ionee, Imt intend to contino 
mvself, in tlje main, to A*'tioiiomieal Pilot o^raphy ; und in seli'ctinir this brunch of 
science as the subject oftliis introductovv discourse, I think that I shall have Nour 
a]>proval, not only h«*cau>e I have «»i\en vpt.cdal attention to that subject, hut also 
because it is about to be applied to th(‘ d«‘termination (d’ a fumlainental ehuneiit 
of onr system, the solar parallax, by observations of the transit of Venus in bS74, 
and prohably al>o in lSSi>. 

Xothin<r is so lastin^rly injurious to the propvss of s(*ienct‘ as false data; for 
they endure often throu;rh many centuries. False views, even if supportial by some 
ainoiint of ('videiice, do i*omparati\ely little harm; for i very (un* takes a salutary 
interest in provin<r tlnur falsem*<s ; ami wlnm this is done the path to error is 
closed, and tin* road to truth is opened at the same moment. 

It will b(i concedi'd that l*hoto|j^’aphy, when a])}died to scientitic tdise nation, im- 
doubtedly preserves facts. Ihit tin* question has scauetimea been raided, are photo- 
|^a])hic n‘eord.s absolutely trustworthy representations of tin' ]>henomena ri'cordt'd? 
If not, what is tin' extent of truth, and wdn*rt‘ are tin* inlets for I'rrors and nii>takea ? 
Not only has photo}ira]ihie ob-erv ation e-aine<l a wide raiijre of applications in astro- 
nomy, but in every other branch of physical sciein*e its help is daily more and more 
talo'ii advanta;;e of; and althouiih, in speaking of this art, I shall eonline mvself to 
astronomy, tin* observations whieh I propose to make may be sujigestive vv’ilh 
reterenee to otlu'r branelies of phvsu s. 

As an instanee of the a])plieiition of this art to optii*al physics I may in this place 
call attention to the very successful ilelineation of the solar spectrum by ^Fr. Lewis 
M. lluthorfurd, of the Fnited States. In Mr. lJuthevfurd's spedruiu, obtained by 
the camera, many portions and lines are .shown (in the ultra-vioh't for instance) 
whieh, while im]>er(eptihIo to the retina of the, eve, impress themselves on the 
sensitive lilm. As a faet, lines vvhiidi are .sinj?le in Anjjfstrdm s and IvirchholFs maps, 
hav e been reconh'd by pholoi:rapliy a.s vvi'll-niarki'd double lines. I will now review 
the application of tin* art to astronomy. 

Stellar photo^rapliy w’as for .some time applied at ITnrv ard-tVdlej^e Observatory, 
U.S., to double stai-s, for the purpost* of deteruiiuinjr by microiuetric lueasuremeut 
their relativ e anj’le of position and distance. The zero of the anjrle of position was 
found by moving the teh'seope in rij^hl a.scension after an impression had boon 
taken, and takinjr ii second one on the same plate ; this process jrave two sets of 
photopfraphic images on the same plate j and the right line passing through the 
1872. 1 
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series ^ave the direction of the daily motion of the heavens. The probable 
error of a single measurement of the photographic distance of the images was found 
to be +0''T2, or somewhat smaller than that of a direct measurement with the 
common hlar micrometer. The late Professor Bond, who applied photography to 
stellar astronomy, confining himself to stars brighter than the seventh magni- 
tude, discussed the results in various numbers of the ‘ Astronomische Nach rich ten.’ 
No astronomer more unbiased could have been selected to decide on the comparative 
value of the photographic and direct observational method. Ilis discussion shows that 
the probable error of the c(‘ntre of aii image was +0"*()ol, and that of the distance 
of two such centres was +0"‘072. Adopting the estimate of Struve, +0"-217, as the 
probable error of a single measurement of a double star of this class with a filar 
micrometer, Professor lloiid shows that the measurement of the photogiaphic images 
would have a relative value three times as great. He derived tne further important 
conclusion, that deficiency of light can be more than componsat('d for by propor- 
tionate increase in the time of exposure. A star of the ninth magnitude would 
give a photogi'aphic image, after an exposure of ten minute's, with the Cambridge 
equatorial. 

In the reproduction of stars by photography, recently undertaken by ^Ir. Huther- 
furd, the objects to bo secured being so minute, special precautions were found to 
be necessary in depicting tlu'm upon the sensitive film, so that their impressions 
might bo distinguisiiahle from accidental specks in the collodion plate. To previ'iit 
any such chance of mistake, Mr. Rutlu'rfurd secures a double image of eaeli luminary, 
the motion of tin; telescope being stopped for a short time (half a minute) between 
a first and second exposure of Ihe plate ; so that each star is reprt'sented by two 
close specks, so to speak, upon the negative, and is clearly to ho distinguished by 
this contrivance from any accidental speck in the film. A map of the heavens is tlius 
secured, very clear though delicate in its nature, but yet one upon whiidi implicit 
reliance can be placed for the purposes of measurement. Professor Peirce aptly 
says, “This addition to astroiiomi(*al research is unsurpassed by any step of the 
kind that has ever been taken. The photographs afford just as good an opportunity 
for new and original investigation of tin; relative position of near stars as could l)e 
derived from the stars themselves as seen through tlui most powerful t('l('scopes. 
They are indisputable facts, unbiased by personal d(‘fects of obstwation, and which 
convey to all I'uture times the actual places of the stars when the photogiaplis 
were taken.” 

Mr. Asaph Hall, who shared with Professor P)Ond the work of measuring 
the photographic images and of reducing tlie im lu^uia'inents, has Aery re- 
cently subjected the pbotograpbic method to a critical comparison, with a view 
to deciding on its value when applied to the observation of llie transit of Venus. 
He appears, as regards its application to stellar observations, to undeiestiinate the 
photographic method in consequence of want of rapidity ; but be admits that in the 
case of a solar eclipse, or of the transit of a planet ov('r the sun’s disk, it has veiy 
great advantages, especially over eye-observations of contacts, inner and outer, of 
the planet and the sun’s limb, and that the errors to which it is subject are worthy 
of the most thorough investigation. Tlie ob>ervation of a contact is uncertain on 
account of iiTadiation, and is also only momentary; so tliat, if missed from any 
cause, the record of the event is irretrievably lost at a particular station, and 
long and costly preparations lendered futile. On the other hand, when the sky 
is clear, a photographic image can he obtained in an instant and repeated through- 
out the progress of the transit ; and evtm if all the contac'ts be lost, equally valuable 
results will be secured if the data colb'cted on llie pli()togra])hic plates can be cor- 
rectly reduced, as will be proved hereafter to be undoubtedly possible. That the 
transit of Venus will be recorded by photography may now he announced as ctudain, 
as preparations are energetically progres.sing in Juigland, France, Russia, and Ame- 
ricafor obtaining photographic records. I'here is also a probability of Portugal taking 
part m these observations ; for it is contemplated by Senor Capelloto transport the 
Lisbon photoheliograph to Macao. There are at present five photohcliogrnphs in 
process of construction for the observing parties to be sent out by the British 
Government, under the direction of the Astronomer Roval, Sir G('orge B. Airy. 
The Russian Government will supply their own parties with three similar instiu- 
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ments ; and I am also havin<f constructed one of my own for this purpose and for 
future solar observations. All these instruments, made precisely alike, will embody 
the results of our experience gained diirinjj the last ten years in photoheliography at 
the Kew Observatory whilst bdonging to this Association* One only of them, namely 
the photoheliograph which has been at work for some years at Wilna, is of a some- 
what older pattern ; but how great an advance even this instrument is on the ori- 
ginal at Kew is proved by the delightful definition of the most delicate markings 
of the sun in the pictures which liavo reached this country from AVilna. 

Hitherto sim-pictures havi? been taken on wet collodion ; but a question has been 
raised 'whether it would not be better to use dry plates. On this point M. Struve 
informs us that in two pliie“8 (at Wilna, under the direction of Colonel Smvsloff, 
and at Bothkamp, in Holstein, under Dr. Vogel) they have perfectly succeeded in 
taking instantaneous photographs of the sun with dry plat<is. 

As far, however, as my own c‘xperieiu*e has goin^, i still believe that the wet 
collodion is preferable to the dry for such observations. 

Now, with reference to contact ob-»ervalions, which it must ho remembered are 
by no m(*ans indispensable as far as ph()tngraj)hy is concerued, it may be conceded 
that tliere will attach to lh(3 record of tin* intc'rnal contact a C(‘rtain amount of 
uncertainty, although not so gi‘<*at as that which alfects optical observation. The 
photograph which first shows contacd may possiljly not be that taken when the 
thread of light betw<‘(‘n Venus and the sun’s disk is first comi)leti‘d, but the first 
taken after it has bt‘Come thick enough to be shown on llie plate; and this 
thickness is somewhat dep(‘nvl<‘nt on incidental circumstances — for example, a 
haziness of the sky, which, although almost imjMncc'ptible, yet diminishes the 
actinic brilliancy of the sun, and might render the photographic image of the small 
extent of the limb wliich^is concerned in the phi'iiomenon too faint for future mea- 
Kiiremenf s. On tin* otlnn* hand, hav iiig a series of photographs of 1 lie sun with Venus 
on the disk, we can, with a suitable inierometer (such as I contrived for measuring 
the eclipse-pictures of IKK), and which since then has been in continuous use in 
measuring the Kew solar photograms^if ), fix the position of the centre of each body 
with great preiMsion. But the reduction of the measured distanct*sof the centre to 
their valiu‘s in arc is not without ditru-ulty. Irradiation may posMbly enlarge the 
diameter of the sun in pliolographic pictures, and it may dimim''h the size of the 
disk of a planet crossing the sun, us is the case with eve-observations ; but if the 
images depicted are nearly <if the same size at all stations ^\hose results are to be 
included in any set of discussions, then the ratio t)f tlie diamet(*is of VeiuKs and 
the sun will be* the same in all the plates and it Avill he safe to assume that they 
are equally allected by irradiation. The adv antage vv Inch, tlierefore, will result by 
employing no less than eight instruments pn*cisely alike, as art3 those now being 
made by Mr. Dallmeyer on the improved Kew model, is quite obvious. If other 
forms of instruments, such as will hereafter hi* alluded to, he used, it will bi* es- 
sential that a sullicient iiumbiT of them he employed in selected localities to give 
also connect'd sets for discussion. 

To give some id(*a of the relative apparent magnitudes of the sun and Venus, I 
may mention that at the epoch of the transit of 1S74 live solar disk would, in the 
Kew photolieliogrnph, have a semidiaimder of thousandths of an inch, or 

nearly two inches ; Venus a somidiameter of (‘vlvTl of these units; and the parallax 
of A'eniis referred to the sun would he repivseiited b) 47'«sr) sueh units, the maximum 
possible displacement being {)*V7 units or nearly ~ of an inch. 

When the photographs have In'en secured, the micr()m(*lric measurements w’hich 
w.ll have to be performed consist in the determination of the sun’s semidiameter 
in units of the scale of the micrometer, the angle of position of the successive situa- 
tions of the planet on the disk, as shown on the series of photogi'anhs, and finally 
the distances of the c(mtres of the planet and the sun. These data determine abso- 
lutely the chord along which the transit has been observed to within 0"-l ; and an 
error of 1" in the measurement would give an en*or of only 0"*l8o in the deduced 

* Tn this mioromclev, which is capable of giving nulial distances, angles of position, and 
also rectimgulnr coordinates, the accuracy of linear monsureiuciits does not de[X;nd on the 
doubtful results given by a long run of a micrometer screw. 
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solar parallax. Moreover tlie epoch of each plioto^rapliic record is determinable 
with the utmost accuracy, the time of tlio exposure being from to Yiriy ^ 
second or even less. 

Now, although the truth of the foit^goirig reinarlcs will be fully admitted, it will yet 
be well to point out in this place the inherent or the supposed defects of the photo- 
graphic method. IMitise defects may principally h(3 comprised under the head of 
Possibility of Distortion j and th(3 importance of an investigation into this source 
of error will appear at once obvious in all cases where the ])osition of a delinite point 
with reference to a system of coordinates has to be determined from measured 
photographs, especially in such a retined application of it as that which it will 
have in the determination of thti solar parallax. 

The distortion of a photographic image, if such exist, may he eitluT extrinsic or 
intrinsic — that is, either optical or mechanical. The instrumental apparatus for 
producing the image may produce optical irregularitit‘s before it reaches the sensitive 
plate j or an image optically correct may, hy irregular contrai-tion of the sensitive 
nlm in the process ot drying, and other incidents of the process, present on the 
plate a faulty delineation *. 

In general, two ways pn^seut tluniiselves for clearing observations from errors. 
Either methods maybe d(‘viscd for determining the iiuuu'rical aiiKuint of every eiror 
from any source, or by special contrivances the sour(*e of (‘rror maybe contracted to 
such insigniticant limits that its etfect in a special case is too minute to i^xcrt any 
influence upon the result. Doth thcsi' roads have b(‘en follo\ve<l in the inquiry into 
tho optical distortion of pliotographic images. 

As regards the tirst, let it lie supposed that, as in the Ki'w instrument, the 
primary imago is imignilied hy a system of lenses before reaching tin* simsitive 
plate. "The defects inherent to the optical arrangement will elearly affect every 
photographic picture prodiice.d by the same instrument; and hence a metliod suggests 
itself for determining absolutely the numerical eth ct of distortion at every point 
of the held. Let us assume that the same object, wliich may be a rod \>i un- 
alterable and known kngth, be. photogiaphed m jirecisely llie same manner in 
which celestial e.veiits are photographieally lecoviled, the objeet bi'ing at a con- 
siderable distance; it may successively be brought into all posdbl(‘ positions in tin*, 
field of the photuht'liograpli, and the length of the image on the photograph may 
be measiirea afterw^ards at leisure by means of a iniennneter. 'I'he.se lengtlis will 
change relatively wdierevor distortion takes place; but by laying down these 
varying lengths we shall obtain an optical distortion-map of the particular instru- 
ment; and tables may be constructed giving in absolute numbers the coiTections to 
be applied to measureiiieiits of positioius on account of the influence of optical 
distortion. In this way tin* optical distortion of the combined obj(‘ct-glass and 
secondary magnitier is ascertained. The chief source of distortion,’ if such exist, 
■will be in the secondary magnifier; and in order to ascertain its iiiuonnt a reticule 
of lines drawn at equal distances upon glass may (as has been done recently by 
Paschen and Dallmeyer) be placed in the common fexjus of the object-glass anid 
secondary magnifier. The required data are then immediately given by the 
measurement of the resulting pictures of the parallelograms on tfu' reticule. ^Mr. 
Dallmeyer has ascertained in this manner that no sensilile distortion i*xists in the 
secondary magnifier coii.structed by him. The truth of the principle being gnuited, 
it was applied to apridiminarv series for finding the distortion which affects the Kew 
instrument, which is not nearly s{> perfect as tiiose nior(‘ recinitly constructed; and 
the results were so far satisfactory that, instead of a single rod, a proper scale, 
fifteen feet in length, repri'seiitiiig a series of reidangles distributed over half the 
radius of the field, has been erected ; and the procc^ss of absoliiteh^ detemiiiiing the 
optical distortion of the Kew pliotoheliograph is now in active progTess, and will 
be used for the new instruments to be employed in ob.sorving the transits of Venus. 

*■ It has been proposed, in order to obviate any possible alteration of the sensitive 
surface, to use the Dnguerreotype instead of the collodion jiroecss. The former, however, 
is so little practised, and, moreover, is so imich more troublesome, that it does not 
se.om to bo advisable to adopt it, esiiecially as fhc subsequent measuroments would present 
gre.ater dilliculties than oecur with collodion pictures. 
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The second method of dealing with ojdical distortion aims at total exclusion of 
tliis HOUiHJo of error. It has been proposed by American astronomers, who intend 
taking part in the coming observations of the transit of Venus, to exclude the 
secondary inaguitier, and, in order to obtain an image of suliicient diameter, to 
employ a huis of considerable focal length, say 40 feet, which would give an image 
as large as wdth the Kew photoheliograpli — namely, 4 inches in diameter. As it 
would be inconveni(*iit nidiint such an iii>trument equatorially, it is propo.sed 
to fix it in the meridian in a liorizontal position, and reilect the sun in the 
direction of its axis by miMins of a tint mirror movi'd by a lieliostat. Tliere can- 
not b(i any doubt abtmt the fact that the image so produced would be nearly 
free from optical distortion, if the int(‘iq)oscd mirror did not introduce a new 
source of error. Tlie ditliciilty of producing a plane mirror is w<dl known ; and 
there is a ditH<*ulty in maintaining its true iigurc in all positions ; tlierc is also 
a liability of the disturbance of the rays by currents ef heated air between 
the mirror and object-glass: moreo\er, with such an iiistriiim’nt position-wires 
could not be (h lined with sharpness on the photographs. On the whole, greater 
rcdiancc may be placed on a method which admits tin* existence of a distorting in- 
ti uenee, but has at the same lime means of cheeking^ and coJit rolling it numerically. 

( ireat attention lias b(*«‘n paid by mi» at ^arioll.s times to those ellects of distortion 
wliieb miglit arise from tlie jirocess of drsiiig. 'fhe results to which the experi- 
im'iits lead seem to proxe tliat there is no appreciable contraction except in 
thickness, and that the colhMlliin tilni dot's not iiecome distorted, provided the 
rims of the ghi'S jilates baie Immu well ground: this point is a fundamental one. 
Ihit in such observations as that of the transit of A’emis, no retinoment of cor- 
rection ought to be negb'eti'd ; hence fresh experiments will be undertaken 
to set at rest the (piestion whether distortion of tin* him really takes place 
xvhen proper precautions are taken. This will 1m* doin* both by the method I 
lumj eniphu evl be lb r<‘, and also in accordance w itb M. Ikischen’s proposal to in(*asure 
images of such reticules ns abo\e dc'.wilied : tlds reticule miglit, as he has sug- 
ge.'^led, be pliotograplied during tin* transit of Vt*nns, so that each plate w'ould thus 
bear data for tin* correclioii due to unequal shrinkage, if such were to take place. 

It lias iK'eii objected by some a.Mtronunn‘rs w ho Inne easually examined solar 
pbotogranis that the limb of the sun appears, as a consequence of the gradual 
shading olf, eAcii under a small magiiif\iiig-po\ver, not bounded by a sharp 
contour; but the measurements of such pliotograms wliicb ba\e been made during 
the hist ten years, of ])ictnrt*s taken under the most varving conditions which 
inllueiice delinition, have prov<*d that even the worst picture leads to a veiy 
satisfactory det(‘nuination of the sun's semidia meter and centre ; moreover an 
independi'iit t‘\ainination of this question by M. Pasehen gave as the result that 
tin* mean error of a determination is only + O'OO.s millimetre w’ith a sun-picture of 
4 Paris inches in diann*ter ; t his corresponds to + O '* 1 .to, and it is nearly three limes 
less than that r«*sultiiig from a measurement with the Ktiiiigsberg lielioineter. 

\evertlieless it will be seen from the f(»regoing remarks that I lune not hesitated 
to arouse }our attention to the faid that Astronomical Photography is about to 
lie put to tin* sc\ crest te.st possible in dealing with such a fuiidanu'ntal problem of 
astronomy as the determination of the sun’s distance from the earth. An intimate 
knowlt*dge of Ihti flubject, however, and experienet* with respect to >vork alreaiiy 
acttomplished in the Ivew teii-year solar <d>s<*r\atious, inspire me with a coiitidcnt 
anticipation that it will prove fully equal to the occasion. 

So much for perforiiiauccs to be looked forward to in the future : now let me 
brietly review what Astronoinic'nl Photography has already nndoubtodly accom- 
plished. 

In the hrst instance the possibility proved of giving to the photographic method 
of observation a trustworthiness wdiicii dii\*ct observations can ni'ver quite obtain, 
xvill render the results of our disc.iissioii vif the ten years’ solar observations at Kew 
more free from doubts than those obs(*rvational series on the Sun’s spots wdiich 
have preceded ours. The eviihmce of a probable connexion betwi'cu planetary posi- 
tions and solar activity, and the evidence which we have puhlisht'd on the nature 
of spots as depressions of solar mailer, could never liave been brought forw’ard but 
for the ])re.scrvation of true records of the phenomena through a number of years ; 
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while the closer agreement of the calculated results in reference to solar elements 
is itself evidence of the intrinsic truthfulness of the inethoil, and gives the highest 
promise that our final deductions, which will be completed in the course of the 
ensuing year, will not be unworthy of the exertions which I, in conjunction with 
my friends Ih Stewart and 13. Loewy, have constantly devoted to this work during 
a period of fully ten years. Not only will some douhtful questions be set finally at 
rest by it, but new mcts of the greatest interest will result, bearing on the laws 
which appear to govern solar activity. 

By nothing, however, would the chaims of photographic observation, as one of 
the moat important instruments of scientilic research, setnn to be so thoroughly 
well established as by the history of recent solar eclipses. It will be recollecU^d 
that in 1800, for the first time, tlie solar origin of the promimuices was placed 
beyond doubt stdely by photograpliy, winch preserved a faithful record of the 
moon’s motion in relation to these protuberances. The photographs of Ten- 
nant at (J untour, and of Vogel at Aden, in 1808, and also those of the 
American astronomers at Burlington and Ottumwa, Iowa, in 1800, under Professors 
Morton and Majy^er, have fully conlirmed those rt'sults. In a similar manner the 
great problem ol the solar origin of that portion of the corona which extends more 
than a million of miles beyond the body of tin*, sun has been, by the photographic 
observations of Col. Tennant and Lord Lindsay in 1871, set finally at rest, after 
having been the subject of a great amount of discussion for some years. 

The spectroscopic discovery in 1869 of the now iamous green line, 1474 K, 
demonstrated undoubtedly the self-luminositv, and lit*iic(‘ the solar origin of part 
ol the corona. Those who denied the possibility of any extensive atmosphere 
above the chromosphere received the observation with great suspicion ; but in 
1870 and again in 1871 it was fully verified. So far, therefore, the testimony of 
spectroscopic. ohs(‘rvations was in favour of the solar origin of the inner corona. 

Indeed the observations of 1871 have proved hydrogen to be also an essential 
constituent of the “ coronal atmosphere,” as Janssen proposes to call it, — hydrogen 
at a lower temperature and density, of course, than in the cln’oinosphere. Janssen 
was further so fortunate as to catch glimpses of some of tlie dark lintis of the solar 
spectrum in the coronal light, an observation which goes far to show that in the upper 
atmosphere of the sun there are also solid or liquid particles, like smoke or cloud, 
which reflect the sunlight from below. INfany probh'ins, however, even with refer- 
ence to the admitbidly solar part of the corona, are unsettled. The fimt relates to 
the nature of the siAstance which produce's the lino 1474 K. Since it coiucide's 
with a line in the spectrum of iron, it is by many considen'd due to that metal ; 
but then wo must supposes either that iron vapour is less dense tlian hydrogen gns, 
or that it is subject to some peculiar solar repulsion which maintains it at its ele- 
vation ; or other hypotheses may he suggested for explaining tin* fact. Since the 
line is one of the least conspicuous in the spectrum of iron and the shortest, and as 
none of the othei’s are found associated with it in the. coronal spectrum, it seems 
natural, as many have done, to^assume at once that it is duo to some new kind of 
matter. But the observations of Angstrom, Boscoe, and Clifton, and recently those 
of Schuster regarding the spectrum of nitrogen, rendeW it probable that eleineiitary 
bodies have only one spectrum ; and since in all experimental spectra we necessarily 
operate only on a small thiclniess of a substance, we cannot say what new lines 
may be given out in cases where there is an immense thicKiiess of vapour j 
and hence wo cannot conclude with certainty that because there is an unknown 
line in the chromosphere or corona, it iinplies a new substance. Another problem, 
the most perplexing of all, is the reconciliation of the strangely discordant obser- 
vations upon the polarization of the coronal light j but 1 Avill at once proceed to 
the points on which photography alone can give us decisive information. 

The nature and conditions of the outer corona (the as.seniblage of dark rifts 
and bright rays which overlies and surrounds the inner corona) was very incom- 
pletely studied ; and the question whether it is solar was not finally settled in the 
opinions of astronomers of high repute. Some believed it to be caused bj' some 
action of our atmosphere ; and others supposed it duo to cosmical dust between us 
and the moon. The bright light of the corona and the prominences mowst undoubtedly 
cause a certain amount of atmospheric glare ; and although it is difficult to see how 
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this is to account for the rays and rifts, it would be rash to deny that it may do so in 
some manner yet to be discovered. It is quite certain that some of the phenomena 
observed just at the beginning and end of totality are really caused by it. A light 
haze of meteoric dust between us and the moon might give results much resembling 
those observed ; but when we come to details this theory seems to be doubtful. 
Here photography steps in to pave the way out of llie existing doubts. If the 
rays and rifts were really atmospheric, it would hardly bo possible that they should 
present the same apptairancti at dillereiit stations along tin? line of totality ; indeed 
they would prt)bably ehaiigo th(*ir appearance every moment, even at the same 
station. If thi‘y are cislimar, the same appearances could not be recorded at 
distant stations. It is universally admitted that ])roof of the invariability of these 
markings, and especially of their identity as seen at wi(l(‘ly separated stations, 
would amount to a demoiistraliou of their extraterr(‘strial origin. Kye-sketches 
cannot be depended on ; the drawings riimle by persons slanding side by side differ 
often to an extent that is most perplexing. Now photographs ha\e, undoubtedly, 
as yet failed to catch many of the faint markings and (lelicate details: but their 
testimony, as lar as it goes, is nnimpeiudiable. In 1870, f^ord Lindsay at Santa 
Maiia, Professor Wiiiloek at Jt'rez, Mr. llrollnu's at Syracuse, obtained pictures 
some of whicii, on account partly of tbe unsati>factorv state of the weather, could 
not compare with Mr. llrothers s picture obtained with an instrument of special 
construction^; but all show one deep rift especially, which seemed to cut down 
through both the outer and inner e(»nma clear to the limb of the moon. Even 
to the naked eye it was one of the most c(mspieuous features of tlu‘ eclipse. ^lany 
other points of detail also come out identical in the Spanish and Sicilian pictures; 
but whate\(*r doubts may have still existed in rt^gard to tbe inner corona were 
finally disnelh'd by the pictures taken in India, in 1871, by Colonel Tennant and 
Lord idiuUay’s photographic assistant, Mr. l)a\is. 

None of the photographs of 1871 shows so great an extension of the corona as is 
seen in Mr. IJrotluu's’s photograph, taken at Syracuse in 1870 ; but, on the other hand, 
the coronal featurt‘s art^ ptu’fectly delin«‘d on the several piidnres, and the number of 
the photographs renders the value t>f the serit'S singidarly great. T1 h‘ agreement 
between the \iows, as W(dl those taken at different tinu's during totality as those 
taken at different stations, fully pro\ es the solar theory td’ the inner corona. M'e have 
ill all the views the same extensive corona, with persistent rifts similarly situated. 
Moroo\er there is additional evhleiice indicat'd by the motion of the moon across 
the solar atmospheric app(‘ndag(‘s, j)roving in a similar manntu* as in 18G0, in re- 
ference to the protnberanees, the solar origin of tliat part of the corona. 

It will he well here to immtion a diflimlty which oc curs in recording the fainter 
.solar appeiidag(\s, namely the eneroaehmcmt of tin* prominences and the corona 
on the lunar disk when the plates hme to he o^ erexposed in order to bring out 
the faint didails of the corona. It is satiNfactory to find that wln‘ne\er a dilliciilty 
arises it can he mastc'nal by proper attention. Lord Lindsay and Mr. Kanyard 
have successfully devoted themselves to expennnmts on the subject. They tested 
whether ndleetions from tin* back surfacv of the plate ]>layed any part in the 
prc^luction of the*, fringes : for this purpose* plates of ebonite* and the .so-called non- 
actinic y<*llow glass were prepaied: and it was iinmediatc'ly found that the outer 
haze had completely disa]>peared in tlie plndographs taken on ebonite, while on 
the yellow glas.s platc's it is much fainter than on ordinary white glass plates. 
By placing a pic'cc* of wetted hlac'k paper at the hack of an iiiigrc)und ])late, the 
outer haze was greatly reduced; hut by grinding both the bac'k and the front sur- 
faces of a yellow glass plate*, and covering the* Ixick with a coating of black varnish, 
it was remlered cpiite imperceptible, tlms showing the greatest part cT the so-called 
photographic irradiation to be duo to rellection from the second surface. 

* Mr. Brothers had, in 1870, the happy idea to employ a so-ealled rapid rectilinear 
photographic lens, inade by Ihdlineyer, of 4 iiiehe.s aperture and inches focal length, 
moimtwl oquatorially, and driven by clockwork ; and he was followed in this matter by 
both Col. Tennant and Lord T.indsnv in 187 L The focal image produced, however, is far 
too small (-fk ‘T about) ; therehme it will fw* desirable in future to prepare lenses 

of similar construction, but of longer focal leiigtlk and corresi)onding aiH*rture. 



8 


REPORT — 1872. 


In connexion with the solution of the most prominent questions connected with the 
solar envelopes, it may not be without great interest to allude to another point con- 
clusively decddcd during the last annular eclipse of the sun, observed by Mr. Pogson 
on the 0th of June of this year, as described by him in a letter to Sir O(*orge P. Airy. 
In 1870 Professor Young w^as the lirst to observe the reversal of the Prammliofer 
lines in the stratum closest to the sun. Now, in 1871 doubts were thrown upon the 
subject. It appears that the reversed lines setmi to have b(‘en satisfactorily observed 
by Captain Maelenr at Pekul, Colonel Tennant at Dodabotta, and C’aptain Fyers at 
Jaffna. The observations of Pringle at Pekiil, Respighi at Paodoxottah, and i^)gson 
at Avenashi were douhtful ; while Mostly at Trincomalee saw nothing of this re- 
versal, which is, according to all accounts, a most striking plnmonienon, although of 
very short duration. ^Ir. TiOckver missed it hy an accidental d(U’aiigement of the 
telescope. The reversal and tlie pli\sical deductions from it are placed lieyoiid 
doubt hy Mr. Pogsoii’s observations of the annular t'clipse on June (>th. At the 
first internal contact, just after a peep in the finder had shown the moon’s limb 
lighted up by the corona, he saw all the dark lines reversed and bright, hut for less 
than two seconds. The sight of beauty above all was, however, tlie reversion of 
the lines at the hreaking-up of the limb. Tlu* duration wfxa astonishing” fi\e 
to seven seconds ; and the fading-out was gra<liial, not momentary. This dot's 
not accord with Captain Maclear’s ohservatitms iu 1870, who rt'ports the disap- 
pearance of the briglit spectrum as ‘‘not instantly, hut so rapidly that I could 
not make out the order of their going.” Professor Young again says that ‘^tluy 
flashed out like the stars from a rocket- head.” Put discrt'pancies in this minor 
point may be accounted for by supposing dilfereiices iu quietude of that portion 
of the sun’s limb last covered by the moon. 

The mention of the solar appendages recalls to mind another instance in wliieh 
photography has befriended the scii'iitilic iinestigator. I allude, to the ])romising 
attempt which has been made by Professor Young to photograph the pn>luheranees 
of the sun in ordinary daylight. A distinct reproduction of some of the double- 
headed prominences on the sun’s limb was obtained ; and although as a picture the 
impression may he of little Aalue, still there is every reason to heli('\e, now that 
the possibility of the operation is known, that with bettt'r and linin' suitabh*, appa- 
ratus an exceedingly \aluahle and reliable n'eord may be secured. I’rofessor 
Young employed for the purpose a spectroscope eoiitaiiiing sc'ven prisms, titled to 
a telescope of ()^-inch aperture, after the cyepic'ce of the same had he(*ii removed. 
A camera, with the sensitive plate, was attached to tluj end of the spectros(‘ope, 
the eyepiece of wdiieh acted in the rapacity of a photographic h'lis, and projected 
the image on the collodion film. The exposure was iieces.sarily along one, amount- 
ing to three minutes and a half. 'I’he eyepiece', of tin' spectroscope was unsuitable 
for photographic purpost's, and only in the centre yielded a triu' reproduction of 
the lines free from any distortion. A larger telescope, with a suitabhi st'condary 
magnitier, will be required in order to secure a more di'liued imag<‘. 

I have hitherto spoken of the successful applications of photography to astro- 
nomy; but I must point out also some ca.si's wdicre it has faik'd. Nehulai and 
comets have not yet been brought within the grasp of this art, although, perhaps, 
no branch of astronomy would gain more if w^e should iK’rcmfter succ(*ed in extcml- 
ing to these bodies that mode of observing them. I'lu'ro is theoretically, and c*ven 
practically, no real limit to the sensitiveness of a plate. Similarly w'ith reference 
to planets great dilliciilties still exist, which must ue overcome before their phases 
and physical features can he n'corded to some purpose by photography ; yet tlu*re 
is great hope that the difficulties may be ultimately surmounted. The main ob- 
stacle to success arises from atmosplu'ric currents, whicli are continually altering 
the position of the image on the .sensitive plate; the strneture of the .sensitive' film 
is also an iutorf(*riiig caii.ee for .such .small obj(*cts. A photograph taken at (hun- 
ford of the occultatiou of Saturn by the moon .some time ago exhibits the ring of 
the planet in a manner which holds out some promise for the future. 

The moon, on the other hand, has been for some time past very sncccssfidly 
photographed; but no use has hitherto been made of lunar photographs for the 
purposes of measurement. 

The photographs of the moon are free from distortion, and offer tliereforo 
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material of incalculable value as the basis of a selcnographic map of absolute trust- 
worthiness, and also for the solution of the great problem of tlie moon’s physical 
libration. This question can be solved witli certainty by a series of systematic 
measurements of the distance of deiinite lunar points from tlie limb. Mr. l^dlery, 
Dir('ctor of the Obser\atory of M 4 ilbourne, luis sent over an enlargement of a lunar 
photograph taken with the (treat Melbourne Telescope, in wliicli tlie primary 
image is inches in diameter. Such lunar negatives would be admirably adapted 
for working out the problem of the physical libration, and also for fuiulanientid 
measurements for a seleii()gra])Iiic map; the imm* minutii details, bow(‘ver, would 
have to be supp]i(‘d by ey(‘-obser\ atioiis, as the best ])lioto<*riiph fails to depict all 
that the eye sees with the help of optical applianc(*s. On IIkj other hand, selono- 
gruphic positions would he allorded imm* free from error than those to be obtained 
by direct micrometrical mtsisurcments. 

Altlioiigli, as I ha\c stag'd, 1 do not cont(*mplate pas^innr in rc^iew recent dis- 
covcri<\s in astronomy, I mu'-t not omit to call your attention to .st)nie few 
subjects of en^ rushing interest. Fiivt, with reference to the nmve recent work of 
Dr. Itu;»eiiis. Til his observations he found that the bri^hti'^t line of the three 
brielit liii(‘s which constitute the spectrum of tlu‘ luiscou.v mdjuhe was coincident 
witli the In-ighlest of the lines of the spectrum of iiitrog.-n ; but the apeituve of his 
tel(‘scopc did not permit him to aM‘eriaiii Avhether llie line in tin* nehul.T was 
double, as i'j the (‘ase ^^ith tin* line of nitro;:t‘n. With tin* lanjre telescope placed 
in his hands by the Hoyal So< h‘ty, he has found that the line in the nebulas is not 
double, and in tin* case t»f tin* gv^at nelaihi in t )rion it coincides in po>ition with 
the less n'frangihle of tin* two liin*s which make up the conesponding nitrogen- 
line, lie has not yet ht'en able to find a condition of luminnii.s nitvog(*n in which 
the line of this gas is singh* and narrow and detined like the nebular line. 

He h as ext(*nd(‘d the meth<»d tif detecting a star’s motion in the line of sight by 
a change of ivlVangihility in tin* line of a terrestrial substain e existing on the star 
to about »‘10 stars he.dJcs Sirius. Tin* coinpari-nns ha\e been made with Uin*s of 
hydrogen, niagin*sinm, and sodium. In conseipienoe of the extreme diiliciilty of the 
investigation, tin* numerical v<‘locilics of tin* stars ha\(‘ l)(*(‘ii olitained by e.stima- 
tion, and are to lu* regard(*d as provisional only. It will be f»bsei\ed that, sp(*aking 
generally, the stars which tin* sp<*ctros(‘ope .shows to be nnning from the earth, as 
Sirius, Hetelg(‘ux, Kigel, I*roc\oii, are .sitnat<‘d in a part of tin* heav(*iis opposite to 
IIerciih*.s, towards which the sun is athaiiciiig ; while tin* stars in the neighbour- 
hood of this region, as Arctiirus, Vega, and a ('>giu, .show a motion of approach. 
There are, however, in the .stars alrcadv nliserved, exception^ to tliis general .state- 
ment; and there an* soiin* other considerations, as tin* relative \ »‘locitie3 of the 
stars, which appear to show that the sun’s iimthm in space is not the only or even 
in all ca.se.s the chief caii.se of the observed pvop<*r motions of the star.s. In theob- 
serv^ni st«*lhir motions w(* ha\e to do probably with two other iiuh-peiulent motions — 
namely, a movement common to certain groups of .-tars and also a motion peculiar 
to each star. Thus tin* stars (s, y, €, f of tin* (Ireat Dear, wlii(*h liave similar 
propt*!’ motions, hav(* a common motion of recc.-sioii ; while the star a of tin* same 
constellation, which has a proper motion in the oppo.site direction, is .shown bv the 
spectroscope to be approaching tin* earth. Fiom fnrtln*r researcln*s in this direc- 
tion, and from an investigation of the motions of stars in tin* line of sight in con- 
junction with their proper motions at right angles to tlie visual direction obtained 
by the ordinary methods, wo may hope to gain some detiiiite knowledge of tlie con- 
stitution of the heavt'iis. 

This (li.scoverv support.s, in a .somewhat striking manner, the views which 
Mr. P roctor bus been urging respecting tlie distribution of tin* stars in .space. 
According to these views then* exist within the sidereal system subordinate 
systems of stars forming di.stiin*t aggregations, in which manj' orders of real mag- 
nitude exist, while around them is relatively barn*!! space, lie had inferred the 
existence of such systems from the results of pro(*esses of equal-surface charting 
applit'd successively to stars of gradually diminishing orders of brightness. II 9 
found the same regions of aggregation, wliether the c harts included stars to the 
sixth ordi'r only or wt‘ve extended, tw in his chart of the northern heavens, to the 
tenth and elevouth orders ; and these regions of aggregation are the verv regions 
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where the elder Ilerschcl found the faintest telescopic stars to congregate. Ap- 
plying a new system of charting to show the proper motions of the stars, he 
found further evidence in favour of these views. The cliarts indicated the exis- 
tence of concurrent motions among the members of st^veral groups or sets of 
stars. Selecting one of the more striking instances as atlbrding what appeared to 
him a crucial test of the reality of this dar-driftf Mr. Proctor announced his belief 
that whenever the spectroscopic method of determining stellar motions of recess 
or approach should be applied to the hve stars y, 8, t, and f Urste Majoris, these 
orbs (which formed a drifting set in tin? chart of proper motions) would be found to 
be drifting collectively either towards or from the earth : this has hetm conlirmed. 

The time has now come for more closely investigating the various theories which 
have been propounded by sueli profound thinkers as T3 ndall, Tait, Ileyiiolds, and 
others, to account for the phenomena of (V>mets. 1 do not propost' to (‘ntt;r into a 
statement of these theories ; but I vtmtiire to call your attention to Zbllner’s vit'ws, 
which have recently givt'ii rise to a gnut amount of controversy. In doing so, I am 
solely iuhuenced by a desire to give information on this subject, without implying 
thereby that I give my adhtu’eiiee, or even prc'fereiK'e, to his theory*. 

The vaporization of (;ven solid bodies at low temperatures suggests that a mass 
of matter in space will ultimately surround itself w ith its own vapour, the tension 
of which Avill dep(‘nd upon the mass of the body (that is, upon its gravitative eiUTgy ) 
and the tempt^rature. If the mass of tlie body is so small that its attractive force 
is insutlicicmt to giw to the enveloping vapour its maximum tension for tin* exist- 
ing temperature, the evolution of vapour wnll be contiimous until tln^ whole mass 
is converted into it. It is proved by analysis that such a mass of gas or vapour in 
empty and unlimited space is in a condition of unstable equilibrium, and must be- 
come dissipated by continual expansion and consequent d(‘f‘reuse of density. It 
follows that celestial spaces, at least within the limits of the stellar univ (*rse, must 
he tilled with matter in the form of ga?*. 

A fluid mass existing in space at a distanc<' from the sun or other body radiating 
heat would, if its mass were not too great, he converted entirt'ly into vapour after 
the lapse of suflicic'iit time. Itut if the fluid mass approach the sun, solar heat 
would occasion a moni rapid development of vapour on tin* sunward side; and 
the total vaporization would require an incomparably short time with reference to 
the interval necc'ssary in tlie fornu'r case; this time would shorter the smaller 
the mass of the body. Profljssor Zollner points to the smaller coiru'ts, which often 
appear as spherical mass(‘s of vapour, as examples of such bodi<*s, while the 
spectra of some of the nebiihc and smaller comets render the existence of fluid 
masses giving out vuipour highly probable. 

The self-luminosity and train of comets he refers to other causes. Two causes 
only are known through the operation of which gases become vself-luminoiis — 
elevation of temperature (as by combustion), or (*h*(‘tric{il excitement. Setting 
aside the flrst as involving theoretical difliculties, the second cause is demonstrated 
by him to be suflicient to account for the self-1 uminohity and the formation of the 
train, provided it be granted that electricity may be developed by the action of 
solar heat, if not in the process of ev aporation, at least in the mechanical and 
molecular disturbances resulting from it. The production of i*l(*ctricity by such 
processes within the limits of our experience must be admitted as a well-known 
fact. The spectrum of the vaporous envelope of a comet, illuminated in this 
manner, must necessarily be that produccal by the passage of an electrical discharge 
through vapour identical in substance with a portion of the comet’s luicleiis, from 
which the envelope is derived. As, according to this supposition, water and 
liquid hydrocarbons are important constituents of these bodies, the spectra of the 
comets should be such as belong to the vapours of these substances ; and in this 
manner the resemblancii and partial coincidence of the observed cometic spectra 
with those of ga.seoiis hydrocarbons is explained. 

The form and direction of the train indicate undoubtedly the action of a repul- 
sive force ; and Professor Zollner asserts that the assumption of an electrical action 
of the sun upon bodies of the solar system is neces.sary and sulficient to account 
for all the essential and characteristic phenomena of tho vaporous envelope and 

* See Appendix, p. 12. 
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tlio train. The direction ol’tlie train, towards or from the sun, is, according to this 
theory, to be easily explained by the supposition of a variability in the mutual elec- 
trical conditions. This accords peifcctly with the phenomena observed in the 
development of electricity by vapcuir-streams in the hydroelectric machine, wh<‘re 
the sign of the electricity dcuiends upon the presence or absence of various sub- 
stances in the boiler or the lu])(‘s. 

The theory acquires an additional interest from 8ebiaparelli’s remarkable dis- 
cov(‘ry of the identity of the patlis of certain comets with gr(‘at meteor-streams, 
since the meteoric masses must inevitably las converted intf) vapour on approaching 
the sun, with exhibition of the characteristic appearances of the comets. 

The intimate connexion of ]>lanetary configuration and solar spots, of the latter and 
terrestrial imignetisni and auroral phenomena, must tend to establish also a connexion 
between solar spots and solar radiation. It is demoustrait^d, by the researches of 
Piazzi Smyth, Stoiu*, and (Cleveland Abbe, that there is a eomuixiun between the 
amount of heat received from the sun and the prevalence of spots— a result clearly 
in harmony vvitli those <U‘ri\ ed from recent inv estigations into the nature of the solar 
atmosphtU’e. Further, in a paper by Mr. Meldrum, of Mauritius, which will be read 
before you during this session, most remarkable evidence is given on the close con- 
nexion of these phcmoinena. It a]>pears that the cyclones of the Indian Ocean have 
a periodicity corresponding with the sun-spot periodicity ; so that if an observer in 
another planet could Mi‘e and measure the sun-spots and cyclones (earth -spots), be 
w^ould find a close liarmony between them. Such a connexion w ill probably be 
found to exist ov(‘r the globe genemlly ; but with reference to the Indian Ocean it 
may be stated as a matter of faet, from Mr. Meldrum’s discussion of twenty-five 
years’ observations, that in tin* area lying betw'(*eu the equator and 2 ^}' south lati- 
tude, and hetw’tM'n 40'^ and 1 U) ejtst longitude, the frequeuev of cyclones has varied 
during tliat period din'ctly as the amount of sun-spots. 1 am glad to be able to 
aiinounct* that Mr. Meldrum, in <»rder to ])laee the deductions oil a still broader foun- 
dation, proposes to invest igatt‘ these laws on a plan perfectly in agreement with our 
method of determining the jireas of solar disturbances, the rt'sulis of which have been 
published from tinu» to time during tliehist ten vears. Moreover the observations 
on the periodic changes of ,}iipit(‘r‘s aj)pearance, and the observations of Mr. Bax- 
endell that the convection-currents of our eartli vary according to tlie sun-spot period 
— all these results, sefuiiingly solitary, hut truly in mysterious harmony, point to 
the absolute necessity for establisbing oonstaiit photographic records of solar and 
terrestrial pheuennena all over the world. No astronomer or physicist should lose 
any opportunity of a'^sisting in this great aim, by which alone unbiased truthful 
records of pheuomcna <Min he prc.Nerved. What is more, no system of observations 
can b« carried on at a less expense. 

We have ho])es of seeing the photographic method as applied to sim-observations 
joined to the vvnirk id the ( ii'eeiiw ich Observatory ; but what is further wanted is the 
erection of instruments for photographic ripcords and of spectroscopes in a number 
of observ atories throughout the world, so as to obtain daily records of the suu and 
to observe magni'tical and meteorological phenomena continuously in connexion 
with solar activity. Meteorological observation is storing up useful facts ; but 
they can only be dealt with efieetually if investigated in close parallelism with 
other cosmical phenomena. (Inly when this is done may we hope to penetrate 
the maze of local metcorok^gical phenomena and elevate meteorology to the rank 
of a science. The time has really come not only for relieving private observers 
from the systematic observation of solar phenomena, but for drawing close ties 
between all scattered scientific observations, so as to lot one grand scheme embrace 
the whole ; and no method seems to be so well adapted to bring about this great 
achievement than the method of photogi*aphing the phenomena of nature, which 
in its very principle carriers with it all extinction of individual bias. 

In conclusion I cannot refrain from making a passing allusion to a Boyal Com- 
mission, presided over by the Duke of Devonshire, which has been sitting for some 
time past; for 1 believe that its labours will have an important bearing on all that 
relates to scientific education and the promotion of science in this countrj'. The 
time has (^omo when the cultivation of science must be protected and fostered by 
the state ; it can no longer be safely left to individual efforts. If England is to 
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continue to hold a high position among civilized nations, the most anxious care 
must be given to the establishment by the state of such an organized system for 
the advancement of science and the utilization of the work of scientific men as will 
be in harmony with similar organizations in neighbouring states — for examples, 
France, Germany, and Itussia. 

Appendix. 

Certain conclusions at which Professor Zullner arrives in the investigation of 
several points bearing on the theory which he defends are, quite independent of 
the latter, of high scientidc value. 

First, with refertiiico to the density of atmospheric air, which (in accordance 
with the considerations mentioned in stating his views) he supposes to till the 
interstellar space everywhere, he assunu's for the purposes of calculation that the 
temperature of space is that of melting ice, and finds that the lower limit of 

density for a portion of gas in space is of that of the air at the eartli’s surface, 

a value so small that if a mass of air whicJi, at its ordinary density upon the 
earth’s surface, occupies a volume of one cubic decimetre, (a litres) were nuluced 
to the density expressed by this fraction, it would till a sphere whose radius would 
not be traversed oy a ray of light in less than 10 yt^ars. These values indicate a 
density which would have no appreciable eflhct whatever upon rays of light t)r 
upon the motion of bodies in spac<% and which would b('come still less if tin* tem- 
perature of space be taken, with Fourier, at — or with Pouillet, at — 

But as every solid body must, by virtue of its graxitative enerjiv, condcnsi^ the gas 
into an atmospheric envelope round itsidf, the d(‘nsity of the hitter will solely 
depend on the size and mass of the body. Ihoh'ssor ZolliKU* finds by calculation 
that, for instance, the density of air thus forming an atmosplu're round the moon 

must be earth’s surface. This is in accord with the 

fact that no trace of a lunar atmosphere has as yet been deti'cted. But the 
values become very great for the larger planets, quite gri'at enou;.»h to manifest 
absorptive effects upon tlu^ light reflected from them. (Jonsidiuing that there are 
peculiarities in the spectra of Uranus, Neptune, and aUo of Jupiter, xvhich appear 
to indicate atmospheric influences, Professor Ziilliier’s results are not without 
de^ interest, and certainly suggestive of further inquiry. 

Secondly, with reference to the supposition that a body may be at the same 
time under the intlueiice of gravitative and electrical agemdes, it was necessary for 
the author of this theory to discuss the quantitative ditlbrence in their effect upon 
ponderable masses at a distance. The discussion shows that, if the mass increases, 
gravitation preponderates over electiicity ; if the mass decreases siitKciently, the 
contrary takes place. It follows that the cometary nuclei, as masses, are subject 
to gravitation, while the attenuated vapours developial from them yield to the 
action of free electricity of the sun. Professor Zullner has based upon Hankers 
numerous and careful researches on the determination of atmospheric electricity, 
in absolute measure, an analytical inquiry into the motion of a small sphere under 
the action of gravity and atmospheric electricity, which leads to some remarkable 
results. Supposing the free electricity of the sun to be not greater than that 
repeatedly observed on the earth’s surface, and to be uniformly distributed, it 
would communicate to a sphere having a diameter of 1 1 millimetres and a wiught 
of of a milligramme, and starting from the sun, by the time it had moved as far 
away as the mean distance of M<;rcury, a velocity per second of 3,027,000 imdres, 
or 408*4 German geographical mihjs *. This velocity is such that in two days it 
would pa.ss over a space of 70,540,000 German geographical miles, a magnitude 
quite of the same order as those recorded by cometary astronomy. The discussion 
was undertaken to prove that there is no need for assuming the existence of any 
unknown repulsive agency, but that electri(;al energy not greater than that observed 
on the earth’s surface is arnplj^ sufUcieiit to account satisfactorily for the pheno- 
mena presented by cometic trams. 

Fifteen to a degree of longitude on the Equator. 
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MATllEMAriCS. 

On the Contact of Surfaces of the Second Oeder with other Sarfaces. 
Jhj l*rof. (!lifeokd, M,A, 


New Improvements In Ap2)ro.vhnatu}fnnore rapldhj than iisml to Square, Cube, 
and other Hoots of a (jiven Number S. Bp M vtthew Collins, A*B. Dublin, 

On Square Jloots. 

It is pliiiii that a)'*, wh(‘re m is a positive integer and X and a any ^iveu 
numbers, lias always, when expanded by the binomial theorem, the form AX*' — II, 

(nV=x.x^, (n;)‘=x% &c. 

Xow, by one or two trials or guesses a can be taken so near X-' that X^ — n shall bo 
a small Iraelion /< or even ^ jl, , and then (X - - «)"' i. e. = AX-' - 11, which 

* V’ B+r- , T5 

especially when m is a large integer whose greatness plainl}^ increases A and 13, 
but diminishes/'", where/=X'‘ — (f, f 

positive, is or \ , wliere 13= X—u^ 

’Ja ’J(i 

Nr. pr. nj= 3 gives 

I (3X4*a^)^/4"/' , 3X-f«® . 

^ ‘ = x'“ “ X 4X ^ 

(since a* = X nearly), 


3X+o2 


as must necessarily be very small indeed, Xow this plainly agrees with Dx*. 

1 

Hutton s elegant formula ( 1 )), given further on, for approximating to X" when n = 2, 
13ut -we can approximate to X* still more rapidly than by Dr. Hutton’s rule ; 
for by taking ;/< = •'), we lind 

X-' + lOXa--frn/‘ 

_'dX + e ) “(-« ) , nearlv (since rt-=X noarlv), 

o(X+«-'/-(2X)^ -r./ . . V 

— 


X"ow this last new and clvpant formula approximates to X- much more elosi'ly than 
the abovo-nientioned formula of Dr. llultoii, sinoe the error or supplenientarv term 

hero omitted, \i/. ohrioudp umeli less than ^alue or 

l(»A“ 1 ‘tA 4iX 

amount when Dr. lluttim s rule i'> used. 

Nr. qr. To lind \A]. Let iL take «=2, and as X" is here =3, we find by our 
lU'w formula 

I Ox 7--.'^- 332 
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in fact > i“4icating that is nearer to V ;i tlian omj rational 

fractior whose dcuominat< >r is leas than 200. 

On Cube Hoots. 

It is phiiiij as hefon*, when m is a positivi' integtT, that wlien 

expanded by the binomial theorem, has always the form AX^ + BN ‘-fO, since 

(x 5)’=:N^ (N^)'=X, (X'>)'=X.X‘, (xi)’=N'.>'*> &c. 

Xow take as before, by trial or guess, so tliat X"* — a shall be a small fraction /cl 5 

/"‘ = (Xi-«)»‘=AXHrA^^C; 

and fi)r another integer ni' we have 

= (X' A'X* +K X 4 V. 

Now, by eliminating' X^ from these two equation.^, we easil}' find 

X ’ = (A'U-AC'+A/"''- A/'") -h(A ){'- A’ ll) exactly, ‘ 

and therefore ' very nearly. 

AB'-A'Jl 

i'lr. (/r. Taking m='5 and )n'=7, wc? roadil\ Ibid 

..I 7X‘4*10oXV+12OX«-'-f-lW/'' , , ni 

so, if tt'’=X4-IIj then 

x-= . 4« «, miv ((-i 

tJXclSrt'-Dj-i+ldl 

To find -^"20, lake a — j then J)=«‘-X, here =— 2 ; and then our last for- 
mula gives 

■' ~ 11 X IX-’7+'^ 

which is correct to its hist decimal figure H. 

1 

Hasy Deino/isfratwn of Dr. Hutton’^ s vleyunt fvrniuhi fur (ippi'oj'imatiuy to N", 
with an import<i}it Jkcmarh or Dstimate of the dryrvc of accuracy attained hy 
means of its use and application. 

Let a be the assumed near value of X”, whose exact value is =«-|-.r j tlien, as 
X must 


a_..«-L -1 I 2.., «('/-! „ ;i 

.j a *1 ., 


=-{a-\'A'f=^(t!^-\-na‘^' j’-f — 1> — ‘'•f'l 

X — 0 




n ,n—\ 


,s-2 . 


. 1 '+ 


and as x is very small, tberefore it is nearly = . Jly substituting this valiir 


na 


for the first power of x in the preceding denominator and omitting tin' subsequent 
terms therein containing a?‘^, a?', &c., wo now find, more nearly^ 


_ 2 {X -0 


2 (N-a") 


and thus the corrected root «r+its=:a^l+^J comes out 
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= «(l+ - 

\ (n 




(/^4-l )N + fw— l)a 
] jX-f (M + lJa' 




« x«> 

n ^ 


(i>; 


I.+1 


whicli 18 tlio clcjgant formula of ])r. irulloii, fir^t giNou in liis Fourth Tract in Iho 
year a.I). 1780, 

Now, to estiiiiale tlio dogroo td* accuracy attained by <‘acli new application of this 
el(3gaiit forinulu, let N = tf", so that n is the correct 7ith root of X , and a + oo the 
ttsaumed or guessed root whose error is x: tlieii the rule biuiig applied, gives the 
correclod root 

_(H+lV+(.t-lM«+x)"^ ^ a-\ . (» + 1,) (l+^) +(»-!) (l + g 

+ I «r + + + 

+ u.wly. 

X"ow if the lirst two or three ligures to th(‘ left be correct in a-^x then tho 
"" ’ t jL, ami and ns is in general 


Xa 


relative error — will be 
a 

small when?/ is nm a large integer fit is <1 when w = 2 or o'), the new corrected 
root will bo true in its lirst six ligures (to the left) ; and if th(‘ asMimed root a+x 
agree A\itli tluj true root a in its lirst three or four ligures to the left, then its rela- 

ti\e error - must plainlv be -< and therefort‘ the relative error \ of 

a ‘ lOUU "J2 a* 

the corrected root will be -< v;Tr 7 ,v,!i/vvvr so that its first nine 

figures at the left-hand side must be correct j and hence, in general, each operation 
or new application of this formula trebles the number of correct ligiures in the 
assumed root. 


Oil the Ev<th(u1ii)ii in ficrlt'^ of certain Dt finite Intiqrah, 
Ihj J. W. J.. (iLvisuKR, KA,, Kli\A.S, 

It is a well-hnown result (due originally to J.nplace) tliat 


7 Vtt - 
e ‘ (tv = „ c 


Jo 


!o that bv continued operation with the symbol - or its reciprocal, the value 
* ccdoc 


p i* ^ i-* “ 

can be found of | v e 
•^0 


^'di\ The result is 


dt) 


Jl. ..(71- 
oiC'H 1) 


/»* o; , a* o .> . 

1 V e \ V e 

Jo Jo 

iJ) , r, , M-1.. , , 1 ,,-2a /i-v 

ill which n is writ leu for 2/=77 — 1) ; llie series is to terminate when 

lli(' factor zero appears lirst in llie mnnerator of a term. 'J'here are several ways 
in which (1) can Ix' pro\ed; l)ut it is uimeces.<;arv to enter into details, as it is 
only a case of a more general furiuula proved boluw. The identity of the two in- 
tegrals in (1) is obvious, since each is dcducible from tlie other by taking 

OO 1 J 

But al though (I ) gives tlw value of ) « e •’Vp when »— 1 is of the 

3 * 
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form +2/, it gives uo indication of its value when n is not a positive or negative 
odd integer ; and it will be found that the two moht natural methods of evaluating 

a- 

thirt integral, viz. by e\pandiiig the factor e and integrating term b}" term, or by 
multiplying by and transfer iiiiug the new integral, &c., both fail through the 
occurrence of iniinitc values for the terms after a certain point, the reason for which 
will appear further on. It might perhaps be thought that when n was arl)itrarv 
the fonnula (1), the factorial being replaced by the (laiunia-fuiiction, would still 
bo true by the principle of the permanence of equi^ahuit forms, the siudes then 
extending to inhnity ; but such is not the ease. The value of the integral in the 
general case may be found as follows, the steps of the method only being indicated 
in this abstract. 

It is found that Riccati's equation .sati»licd by the integral 


u being written fur z: ^+ 


and also by certain series given in tlie 


^ Philoaophical Magazine,’ scr. 4, vcd. xxx^i. p. »*»48. As the diiVerontial equation is 
linear, it follows that the integral must be of the form A x one studes + 11 X the> 
other series, A and B b(dng constants. Transforming every thing now hy assuming 

n—-, a=~, it will bo found tliat, after very considerable reductions, we liave 

the result tliat if 

r-i_ 

« . 1.2 ■ " 


V = l+ 


(w + 2)(«+4). 1 .2 


— l’-- 

V e 




[The details of the transformation indicated abo^ e are, to a great extent, given in 
the * Philosophical Magazine,’ for Juno 1872 (vul. xliii. p, 4.T1 &c. ). 'riie oiiginal 

series are given at the top of page 4ol, and tlieir transformations (taking - = /3) 

at the bottom of the same page, while V and V are nu'rely (2) and (2) of page 
4.‘55, 2a being written* for /I, as is done throughout. The following errata should 
be noticed in the formulie as they stand in the ‘Philosophical Magaziiu',’ viz. the 
factor /3'‘ is accidentalh omitted from the values of 11 and S given at tlie foot of 
page 434, and the factor 2 is omitted in the denominators of the second term in 

(2) and (3) ^it should be (^) i^hould be /3^ None of tlu'se 

slips affect the subsequent work, for they are treated as if in tlnur correct forms, 
not as printed.] 

Resuming (2), it remains to detennino A and R By putting a=:0, we obtain 
at once A=: .^P Let B=f/)(n), and transform (2) liv taking ~ for r ; we 




(3) 


But this integral is the same as the integral in (2), with the sign of n clianged ; 
therefore, observing that a change of sign in n lurns II into \j and rtre vcrsti^ o 
j^ee that the right-hand side of (3) also 

* Quarterly .Journal of Pure and Applied Malbcinntio**, vol. xi. p. 207. 
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■\A lieucc it ^ullo^^ s tluit 

• • • <^(»)=Ar(-”), 

aiid 

^ , .... ( 1 ) 


tli(‘ fornmla in question. 

AMieu »=2i+l, it ^vill be found that this gives, after use of the fonnnla 


r(vi) r(I-'m) = 


. and reduction, as the value of the intepral 
ailU/lTT 




U- 




J 


which, by nmans of the formuhe in the Number of the ‘ Philosopliical Magazine ' last 
quoted, is readily identitied with (1). 

The form of (4) aifords the reason why the usual methods fail to give the value 
of the integral, as it shows tliat the result is not generally expan.sible in integer 
powers of a. Ucnerally, thendbre, 


n 


n-l , 

t? e 



j2«+.,.]6--“+ir(-5)a» 


I 1 «~2tt 

It- -a+. .. \ e 
n+1 J 


ihit win'll n is a positive or negative odd integer, it is enough to take only the ter- 
minating seiies, and ignore the other altogether ; a more complete explanation of the 
reason for this than is given here can be gathered from the paper in the ‘ Philoso- 
phical Magazine.’ If // = a positive or negative even integer, tlie series for U or V 
becomes infinite, and then one of the series iuvohes log a as a factor (sec JKuler, 
Calc. Juteg. vol. ii. chap. yii.). Even the partial discussion of this case must bo 
omitted in this abstract. 


On the Fiinciioii that stamh in the same Bclatlon to BermallPs Numhers that 


the Gamma-fundivii (Io(s to Factorials, Btf J. AV. L. (jiLAisnuR, B.A,y 
F.R.A.iS. 


Tt is always a matter of some interest to regard a series of constants as particular 
values of a continuous function, which function can usually be exhibited as a de- 
tinito integral. The prohh'in is of course indeterminate, a.s through a series of 
]K)inta at finite intervals from one another an inlinite niiinher of curves can ho 
drawn ; hut, as in the case of the tfamma-funcfiou in its connexion witli the factorial 
1.2. ...r, there is usually hnt one curve, which, in an analytical point of view, 
stands in this relation. It seems, therefore, worth while to investigate the function 
connecting Bernoulli’s iiumhiTs ; and this is readily etlected as follows. 

Denoting by B» the wth Bernoulli’s number, wo have. 




2a. 2^3. ..Jin) 


(Lv; 


l + 22* + ;j2a + -"| 


f orj 




. rr"-Ut 

,'o e -1 
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tho expression in question, which gives a value for Bn when n is fractional. In 
all cases, therefore, the formula is 


.-X x2« 


(27r)^ 


X X 

^ t)2n ' *V2rt 


0 ) 


The first four Bernoulli’s numhers are after which they increase 

rapidly, so that there is a minimum between B. ami B^. As this minimum point 
is the only intrinsic point of interest on tho curve i/ = B.c, the following Table was 
calculated of values of B^ in its vicinity:- — 


X. 


X. 

1?^. 

2-0 


3-0 

0023809.5 

21 

0-03>09<;r)8 

3-1 

002;!i)i).i0 

2’2 

0’0290{*.52 

3-2 

0-0243301 

2 3 

()02754()l 

: 3-3 

0-02 18228 

2’4 

0I)2(j;M4<S 

i 3-4 

0-0254741 

2’5 

0-0254132 

1 3 ‘5 

0-021)2913 

2’C> 

0-0247149 

! 3-0 

0-0272845 

2-7 

0-0242228 

! 3-7 

0-0284008 

2’8 

0-02391(;7 

3-8 

0-0298548 

2-9 

0-0237822 

3- 9 

4- 0 

0-0314088 

0-033;i333 


From Lagrang(fs formula, that if A, B, 0 ho three vnlues corro.sponcling to ar- 
guments a, c, then 

(o’— (X— /;) 

(a— 6)(a — c) (6— c)(6— a) (o — a)(c — 6)’ 

it follows that if A, B, (’ are three values in tlio neighhoiirhood of tho minimum, 
then a?, the argument of the minimum. 


) A + fc" — «“) B 4- fu — //“) C’ 
(/; — c)A+<^c — ujJl+Cu — ’ 


and by deducing the value of a? from 2*8, 2’1), and JbO, and also from 2*0, JVO, and 
3T, it is found that the minimum corresponds to a:=2d).‘>. .. j and therefore, by tho 
usual interpolation-formula, the minimum value =’02377. . . . 

The values in the Table wen^ calculated from tlie Ibrmula (1) expressed in tho 
modified form 


2r(2^-M_)._L_/, , 1 1 ^ 


For a: = 2 ’1 it was necessary to include terms as far as 
and ultimately for a: =4 only as far as 


for 2-2 as far as 
The calculation was per- 


formed in duplicate, and the accuracy of the value.s is apparent on forming the 
5th dillerences. The values of log r(a?) were deduced from Legendre’s Tables. 

It may be noted that, by nu'aus of the formula 


3«)0 .5") • • • 


2’^ 71^^ * 4^ 


somewhat different form may be obtained for B„ ; for wi' have 

^ _2r(2^-fl) . . 

’* “ (iir)-'’ r2 1 ) . , . ’ 
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and 
flo that 


!L"= 

0 


15 ^ 2r(2n+ l) 

2, o, 5, . . . , being the seriovS ni prime number?-. 




Oil ilie Laifj of Dlsirlbutiou of Prime Xuhi!)r/\^, 
Ihj J. W. L. Gl.usuku, li.A,, P.ILA.S, 


Tn the G^hi losoplii cal Magazine ’ for .fill v ls49 the late Mr. Harpreavc pr«»vcd 
iv'sults of great hiterost iu the theory of nnmhevs, viz. that the average distance 
between two primes iihcmt the point xof the ordinal serii‘s was log^a;, and that the 
nnmber of ^nimes between x and x was very nearly li.r'—lia*, li .c being the 
logarithm-integral of x, viz. li j"= ^ result practically tlie same was 

also arrived at by T(‘hebycheff, IVdershurgli Transactions, 18*18 (sec ^ Philosophical 
3ragazine/ August 18.51). 

Idle general truth of these results was verilied by TTargreave for a mimbor of 
ranges among numhers less than a million ; hut in only oin^ case did lui coniparo tho 
numbers given by tlu‘ formulfc with the numbers counted above this limit, dim 
means for making tliis comparison are alTorded by liuvcliliavdl's Tables, whicdi give 
the least divisor of every nnmb(‘V not divisible b\ 2, d, or 5 from unity to three 
millions, and Das(‘’.s Tables, whieli do the same for iinmbers betw<‘en six millions 
and nine millions. Tin* intermediate three million'', although ('xistiiig in niann- 
sevipt in tlu' library of the Um-lin Academy, have not hc'en published. linrckhardrs 
Tables were pnblislied in 181 1-17, and were therefore aeei'sdhle to Ilargreave; but 
Dase’s have only h(»eu published siii(M‘ 18(52. Jly means of tlu'si* Tables, of course 
all the primes included within tludr limits can b<‘ found, as their “ least factors'’ lioing 
th(uns(‘lves, tlu'y are dmioted in the Tables by a bar. 1 have tliendbro had all tlie 
prinu's in every hundn'd of the six millions over which tlie Tables extend counted, 
and have also* calculated tlie numbers given by the fonniihe ; and the results, 
arranged in groups of othODO for two millions (viz. the second and the ninth), 
are given in tlui two Tables below, 'flu'- second million was chosen in preferenco 
to the hrst for insertion in this abstvact, partly because results derived from the 
counting of primes in tlie hitter liave been exhibited by Legendre, Ilnrgvc'ave, and 
otliers, and partly because the dislrihution i.s very amiinaloiis near the commence- 
ment of the series of numerals. 

The numbers in the millions were divided into groups of 50,()00, and x’ isvvTitten 
for brevity for a:-l- 50,000. In tin' first Table tlie numbers in the Primes counted’* 
eolnmn are the numbers of primes between x and x' \ thus there are primes 

bolween 1,000,000 and 1,050,000, &c. In the second Table tlie logarithm of the 
middle luimhev of the group of the 50,(K)0 vv as taken as the logarithm for the 
group, and the Average inti'i'val between the primes ” was found by dividing 

50.000 by the. corresponding number in the “ Primes counted ” column of the lirst 
Table, the average intervals lietwccn two primes in the group from 1,000,0(X) to 

1.050.000 being IJ^’70, &c. 

The logarithm-integral is only a transformation of tlu; exponential integral, the 
relation between the two being li e‘*'=:Ei x ; and by the use of T'^ylor’s theorem we 
find 




+ 1 -- 
1 . 2 . 



(/-I) 


_h'e’ , 
2 :i .1-- 



20 


BEfOBT — 1872 , 


.r. 

! 

rrimoa 

count(‘(l. 

1 ' 

BifTor- 1 

1 cncc. 

.i*. 

11 .i' — liu*. 

Priinoa 

counted. 

Bilfer- 

encc. 

1 ,0(10,000 

001^1 1 

:i0.05 

—22 ' 

8,000,000 

0145 

.5121 

+i'4 

J/WOjOOO 

;!(i00 ' 

.•MK) 

. +20 

8,0.50 000 

.“,144 

.‘ill’!) 

+ 15 

l,l(X),()O0 

.•ioSO i 

0,580 

1 ; 

s,i(K),(;(X) 

.‘1144 

.“,127 

+lr. 

1,100, 000 

.‘1577 

of sac. 

' -50 ' 

8,1.10,000 

.‘1141 

5171 

-5,:i 

1 ,20(»,0()0 

.“,507 

0*500 

1 H-:!7 

8.200,000 

:’,1 10 

5101 

-21 

L‘2o0,()00 

0557 

.‘1.551 

1 + (! 

8,250,000 

;ii.“,o 

5122 

+17 

],;(0(),()()0 

0517 

.0522 


8,;;()i),ooo 

.41;;8 

5171 

-.55 

],;!'0.()()0 

.05.08 

.-ioTO 

1 -41 

8..“,.50,000 

.‘11. ;7 

.“,114 

+1’-! 

], ^100, 000 

.0520 

0.501 

i 

8,400,000 

.“,l;i5 

5,0t>:> 

+ 1.1 

],4r)(),()oo 

0520 

.0520 

1 “ 

8.150, (M)0 

.‘ij;i4 

.“,15-5 

-10 

l,o00,000 

.‘1512 

.“,508 

+ 4 

8/)()0,0()0 

;;i;l:i 

.511 0 

— 27 

1,050 ,000 

.0504 

' 0l<*>5 

4-00 

8,.550,(K'0 

41 52 

5, h *, 

-51 

], 000, 000 

0100 

. OIOS 

0 

8,('00 000 

.51 ;l 

5120 

+ 2 , 

1,050,000 

0480 

' .0.507 

-18 

8,<^50,0{)0 

5150 

5152 

—22 ‘ 

1,700,000 

0^^2 

, 0408 

+14 

8,700,000 

5120 

51.5'.) 

-It) 

1,750,000 

.0475 

1 01 (*5 

, +10 

8,7.50,000 

5127 

.‘1100 

-:i:l 

1,800,000 

.04 <18 

1 0170 

2 

8,8{X),000 

' .‘1120 

.5108 

+ 18 ; 

1,850,000 

0402 

! .‘)4S7 


8.850,000 

5125 

51 12 

+ 15 1 

1,000,000 

j 0455 

i .‘147.0 

1 

' -18 ■ 

8,000,000 

1 5124 

51:15 

; -11 

1,950,000 

j .0110 

1 0400 

, +10 

8,050,000 

; .512.5 

5 1 : 1.") 

‘ -12 

Total . , . . 

1 7()-k>0 

1 

1 701i>0 

1 

: + 0 

1 

Total ... 

' (*2r)7<) 

i‘>i>7i:0 

-84 ' 

1 


.V, 

- .r+.r' 

'"g ^ -. 

Avcra"o inter- ' 
val between two' 
eoijseeiitive 
prinios. 

■ 

1 

.r. 

1 •^’+•1 ' 
'<>g- 1) - . 

1 Ai ernge inter- 
•\al between two 
con-'Ceiitiui 
prunes. 

1 ,()00,(K)0 

15-8 4 

1.5-70 

8,(X)0,000 

15 00 

10 02 

1,0.10,000 

1.5-80 

l;l-07 

8,050,000 

Mi)() 

I1!I.S 

1,100,000 

15 05 

1.5 05 

8,100,000 

15 01 

. 11!li» 

1,1.1U,(K)0 

l:V08 

1.5-75 

8,1.50,000 

1.V!I3 

! 15 75 

],200,(X)0 

1 1-02 

1 4-10 

8.200,000 

15-02 

15-82 

1.2.'')0, ()()() 

u-co 

14-08 

8,2.50,000 

I1i):{ 

1 Ki-O:) 

1,300,000 

14-10 

1 1-20 

8,:H)0,000 

15 0:5 

15-77 

],. ‘{.10,000 

14-1.5 

1:5-07 ' 

8, ,‘^50, 000 

Mi)4 

! 10 00 

1,400,000 

M-17 i 

! J4-28 

8.400, ()()() 

11!)1 

! KM 7 

l,'l.10,0(K) 

14-20 i 

i 11-18 

8,450,()(X) 

, I1!)1 

J5-80 

1,.100,(K)0 

14 24 1 

1 14-25 

S,. 500,0(30 

' J1-!() 

J5 82 

1.1.10,000 

14-27 1 

J 4 4.5 

8, .5.50,000 

■ |.1!)ii 

15-70 

],(!()(), 000 

ll'.’lO 

14-10 

8,( 00, {'.00 

11 i)7 

. 15*08 

1 .0.10,000 

! 1 1-:;.5 

14-.^i*> 

8,(150.000 

: ll-DK 

1 .5-80 

1,7(K),0()0 

' 1 

14 42 

8,700 {){)0 

11i)S 

i 15-0:i 

1,7.10,000 

14-.50 

: 1 1-45 

8, 750, ()()() 

; il-!!) 

' 15 82 

1,800,000 

14*42 1 

14-41 : 

8,800,000 

; ii-!ii) 

K)C0 

1,810,000 

14*44 1 

]4-:U 

8.850/)0() 

, KlOO 

' 1<)07 

1,!K)0,000 

14-47 

14-10 1 

8;oo(),ooo 

, l(i 00 

! 11-91 

1,010,000 

14-50 

1458 1 

8,950,000 

! KiOl 

1 

1 11-95 
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collcctiug tu^etlior all the coeHicieiits of 

X 


and theK'forc 




/P ef_j^ 
0 ,v' 


X 



1' y [ 

y.r<’ , 


r ,{ 


J 





an extremely conv('nit‘nt foi’iunla for from I Iiiv;^v. n v e’.-* piineipli',-; llio 

approximate iiumlx'r ol priiia s hotween limits. 'I'lie ]a.'t-^M■i^t^■ll lovtniila \\a^, of 
cour^^e, deducecl from tlu‘ pl‘('^ious one hy talxine* f' —y and * hi tlio 

Tallies /iZ= *00.000, and lor?/=:l,0()0,(X)0 (lie \ahu- of (he ^<‘tnnd torm nnl\ (\\ Kmiiled 
to and tin* third 0*1*; for ?/= 1 0.>0,000 tin* '^‘■eond term and 0)e tliird 

inseiisihle, while for v/=:S, 000,000 the .‘^(‘eond t< rm was onl^ tVi‘, ; tliat (lie first 
two t«‘rins were ])ra'-tieally siiflh'ieiit for lh(» second million, ith the interval of 
50,000, and the tirst alone for th<‘ ninth lullliun. It is iinpO'-dh!f‘. in a hried' ah.-tracL 

like the present, to notice the a'^Tfamumt with Le<»endr<‘'sfornuihi - 

^ _ lo-.r-I-0.^:;0() 

&e. ; hut the author liopes to pnhlish the ^ allies for the other million^ eln'wheiv. 

Tive results p’i\en in tin* two 'f.ilih's above ealenh'tnl or e<nmt('d in duplicate 
llironjrhont : and it is lielieAod that nmie of th(‘ values of lio? will he found 

wrong’ by .so inneli as a unit, thonph an eiroi* of thi.s amount is jud lai.^sihle. In 
the total, wliieli was formiMl men'h by adding: the numbers in the li.r'— li.r eolnmn, 
of course a somewhat ^’reutc'v mnor is posdhle h\ aeenmulatioii. It may be eonvi*- 
nient here to .state that li{ 1, 000,000)= Mi ( l.'bsir).*)! )=7t<(»:27 2 . li ( 1.050,000) 
= Ki 14**10) = S22.‘10’0. . . . ; li ( 1,100,000) = VA ( = sr>s40-2. . . . : 

li ( l,150,0(X))= l^li (l.‘»’0r>;‘)27)==<'^042M‘7. . . . ddiese valni*s were not obtaimal from 
th(‘ iir.st by im'aiis of the abov e Table, but Avere each ealeulaled iiKh'jiendeiitly from 
the semiconvcr^’eiit .series 


„ i I 1.1.2 1 . 2 . 1.2. . i 

X — d "1 ~ 4“ > d~ j 4“ I 4“ 4~ • ' 


TTargfveavo has g-iveii a fnrinnla A\hieh is no doubt a p.irtieular ca'^e of that, in this 
paper (thong:h 1 ha\e not yet compared them) ; but «‘ilher .sonn' of hiu‘onstantsmu>t 
naA*e been erroneous, or he must luivt‘ made errors iif calculation, as all the uumhers 
g^iven in the Table on pagre IS of the ‘ Philosophical ^lacazine’ for .luly l;^4t), Avliich 
was calculated by means of ff, Mami to h(‘ nnm' or h‘Ss inaccurate {see ‘ Philoso- 
phical Transactions, ’ lS70,p. -ISO; the aruumriitsaie nloiitical, as, in fael, llar^rea\o 
has taken integer uvg:umeuts of the exponential integral, \ i/. h'i 1, Mi 2. LK:e.). 

Tt inav bo added that the mimher of primes l>etwe(m 1 ,t)(i0, ('()() and 2,000,000 
Avns computed liy Tlnrgreave and found to he 70, 100, A\hieh dilfers l»y only a unit 
from the value in this paper (wliieh \aliie, as lu'fore remaiked, could very Avell 
have been inaccurate by even more than tliis amount ) ; and tliis completidy Aeriiies 
the accuracy of tlie mini hers in the li^ — li .r column of tlie lir'-t Table helween 
two and llireo millions, llargri’ave ( l'hil(;.sophieal Magazine, Angiid 1^*51 ) ibiiiid 
the number of “ Piinies coniitevr’ up to one inlllion and belwcim two and tliree 
luillion.s to bo 7S,40d and 07,751 respectividy ; Avhih* the formula ga\e 7S,0)20 and 
07,010, the discrepancii's bidiig niiudi gi’eater than that Avhieli is liere found for the 
second million, where the dilference Avas only 0. 4’he nnmhers 1 IniAc* found for 
the ‘‘Primes counted” dilibr from IlargrcaNc’s: but as tln-v ha\e as yid been 
counted but once, no gri'at ridiaiice can bo placed on tJicni. Tin' formula valiio.s 1 
ha\’e not yet calculated, 


On a Verijicalton of the Proldhilitj/ P\inction, 
By J. E. HiT/JAiiP, U, IS, Coast Barvey. 
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On Trklicmeiral Quartan Curves. By F. W. Kewman. 

Problem. To find the conditions that a Quartan may have 3 Diameters. 

That it may have one, the equation must admit the form 

where X„ means a function of .c of tlie wtli degree. 

Let = then we may write 

ar^ + (A.i;'‘^4- + C)?--= /.-.r ^ + L''^ -f 'nu:~’\-nx-\-p. 

This form will not he changed if we change Hk' origin to any point in the axis 
of y ; hence, if there he a second diameter, we may may suppose it to pass through 
the origin, which wo treat as a Pole, inahing .r = rcos\|/-, y = r sin 
Th en ar ‘ + ( Ar‘^ cos^ 4- cos yfr -f* O )>•- = 

/r?*^ cos'*\|^-|-^^*^ cos^ cos- >//“ + //;• cos = 

which by the routine of trigonometry is expressil)l(' as 

jr/ — J/v-f -^(A — /*;) cos2\|/‘ — ^/i cos dT//- j /■'■ 

+ ■{ ( H — J/) cos 1 / cos 3x1/- j. r"’ 

4- {'((J — cos '2x1/ j.r‘“'=wr cos \p‘-hp- 

This is the equation of every Quartan Avhich has so much as one diameter. 

In order that the line expr<issed by\//‘=y may beanew diameter, it is necessary and it 
suffices that the same equation shonldnisult by substituting \|/‘ = y4-c«), and = 
whore y is a definite constant, r, 6> the variabh'.8 of the equation. Ihit ■'/' = y Pco ; then 
in order that + may gi^e the sann^ n'sult, the terms cemcernod must vanish in the 
coefficients of r'. r^, r separately. It must be observed that the assumption 
y = 0 or y= 180^ is useless; and y=00'^ leads us to two rectangular diameters, not 
to three. Hence we must avead to siqipose sin y=0 or sin 2y =0. 

Now (1) vr sin y . sin fo=0, ?/=() ; 

(2) sin 2y sin 2a) = 0, .'. ?//=0; 

(3) in t)ie co(‘ni(‘ient of/**, we nec'd at once 
(B— J/)sin y sin co = 0 ; ]/ sin 3y . sin 3a) = 0. 

It is useless to suppose /=0, B=0 ; for tins, joiiu'd with ni = 0, ^^ = 0, reduces tlui 
equation to the Doubly Diametral. Hence our only useful result.s are 
sin3y=(), B=:^/; which leave B and / finite. 

(4) (A — I') sin 2y . sin 2cj = 0, h sin 4y sin 4ft)=0. 

We cannot make sin 4y=0, .since wc already reqnfffi sin3y = 0. Hence nothing 
remains but /i =0, A=0. 

Thus the original equation is reduced to 

r^r‘4-(Bj'4-C)r"=4By’+;;; {h) 

and from sin 3y=0 we get /fro now diameters, defined by y=r)0'' and y = 180'’. 
Thus the problem is solved. 

Originally, the assumption u=0 would have hTt our monodinmetral curve still 
a Quartan. But after supposing A =0 and /v=0, w(} cannot make a also = 0 without 
reducing the equation to a Tmlian. In fact it is easy to show that the conditions 
here investigated yield the known Tertian r/vyVr/u when we add the assumptions = 0. 
Writing .i‘=r cos xj/, 4.r'' = ;•’'( cos 3\|/-43 cos xj/)^ we find 

<m'4-Cr“=^BH cos3\|r-4-;;, (i) 

which i.s the most general Polar J^lqiiation of Tridiametral Quartans. 

Again, solving (/i) for r-, and maJdng u=l, sinee a must be finite, 

Thus tlio general equation to rcct. coords, has the form 

y-4'^*4-B'.r4~H^=: {5lVa;^4*(B'a:4"f'')"4‘L}j .... (;) 

which has .3 Parameters. ^ 



TRANSACTIONS OF THE SECTIONS, 


23 


If, however, C'=0 and E=:0, the Polar equation becomes simply r=|B' cos 3^, 
which is a Starry Triju^a, admittin^: ?*=0. 

In general, the equation to rect. coords, falls under the class 


which is the highest form of those which I call Quartotertian, 

A 


The Polar equation may be presented in th(i form cos 


Art4-Br-+C 


The curve is evidently in (^very case finite, and the species must apparently change 
according as the equation admits the forms r/r'* cos 3>/r=(r2— r-),^ 7r'’cos3>/^= 
cos;3>/^= or finally ro’* cos3>/r=(r'+6^p-fc‘. 

dv 

Evidently =0, when sin r»\^=0. 

If yj^=120''‘}-0, cos 3\|/>=cos Hence the figure is EquiLitcrnl. 


On Qnarfan Curves with 3 or 4 Dhumierfi, Bij V. AV. Xkwmvn. 

This Memoir proposes and solves the Prohleius, in what case t'lirves of the Fourth 
Hegreo have 3 or 4 diameters. 

It hriefiy amilyzes the forms of the Tridiametral Curves, under the heads which 
rise out of the general equation 

2a cos 3A|^=:r‘4-2&r--f c=l{ : 

1. when lJ=r‘, or 2a cos3v|r = r; 

2. when P = r‘ — /3V“, or 2ar cos — /3-} 

3. Avhen 

4. when = ; 

5. when U=r‘+y^, and gem'vally wlnm 11 is essentially positi\e; 

G. when P=(r“--/3“)(?-“-y'), which has 3 remarkable foiuis; 

7. when R=: y"}, which has 2 forms, according as /3- is>y- or <72. 


Oil Moiiodiamdral Quartan Curves* Bif F, W. Xuwman. 

This Memoir is a coiiliniiatiou of the paper laid l)(‘fore tin' Association last year 
on Doubly Diametral Quartan (hirves, and follows upon a uotieo now presented on 
Tridiametrals and (Juadridiumetrala of the same degree. 

Employing X„ to nn,‘an an integer fiiuethm of of degree ?/, it is proposed to 
digest all the Monodiaimdral curves into the Groups, tw»*iity-(me Classes, as 
follows:— X 


I- 1 1 


11. 


III. 


3. 

4. 

5. 

0. 

7. 

8 . 

0. 

10 . 
j 11. 
12 . 


1 13. 

14. 

15. 


IV. <: 


llG. 


y^4-2A?/“=X,, or X an integer function of i/' [Quartic Parabolas], | 
//^+Xj//-=Xi, or X rational in »/** (Conic Parabola for asymptotes), f 

Z X * I (Horizontal and Vertical asymptotes). 

i/-=X^ (two equal and opposite Conic Parabolas for 
asymptotes^. 

or, the Semi cubical ; with Tertian asymptote. 

(Conic Parabola for asymptote). 

X^,y" = X j ; Q uartohyperbolic. 

?/^= j Quartotertian of 1st Branch. 
y"+A^= \/X, ; (Quartotertian of 2nd Branch. 

?/2 + X j = ^ X ^ ( Ep i parabolic asymptote ) . 

7/2 -pXj = A/X2 (Unequal Conic Parabolas for asymptotes). [//^= 
is omitted as Doubly Diametral.] 

7/“+X^= \/X^; Quartotertian of 3rd Branch (7i)npiirabolic asymptote). 
7/2 4-X2 =V^i asymptote). 

?/2-|-X2 = yX2 (admits two asymptotic hyperbolas, with their recti- 
linear asymptotes paralJei, set to set). 
y2-f.X3=: VX3 ; Quartotertian of 4th Branch. {Tridiametrah must be 
evcluded.) Epihvpcrbolic asviuptote.«i. 


In tlioso, iT 
> is rational 
in X, 
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17. l/=:Js/X^ (Qiiartohyperbolic Group). 

18. 2/'^+A®=^X4. 

19. (oii« Hyperbolic asymptote at moat). 

20. y’"fXMy-=Xj or or X^ (porliapa one Parabolic and one Hyperbolic 

asymptote). 

21. y‘4-X,y^=X^ or ^“4-Xo= (perhaps two Hyperbolic nsymptoics, 

all differently directed). 


Tlie inode of analysis used in Iho most dithciilt cases is as follows : — 

Itis assumed that if cji (e a?) = 0, aiKl/0/:A’) = Oaro known curves, and ?/'" = ?•- -fir, 
the cnv\'e F (>/, x)=z0 caii thence bo traced, y'- and y/'- boin^^ the two 
positive roots of when such arc real. Practically it is not ditiicult to d<‘cido on 
the coiu’sc of O/.t), if the constants which cuter the two auxiliaries are fixed : hut 
the number ot hj^polheses coiicorninj? tlie relations nf tlic constants in (j) to tlui 
constants in /are embarrassinjr* 

Tims, to trace (//, .r)from the eqiiathm y-+X.=: + which is the Impest 
case, we put X == — or else X,= -l"//„'“, aecordinf;- to th(‘ sij^-n which X. may 
assume within dilferent limits, and Y'=>y^X^. Tlu^n (‘ither //-=Y‘- givin;y 
at most only one positive value to / ; or y/“= //j- + V-, ‘•iviiig’ in some caffes two 
positive x'aluos to i/\ 

This assumes tliat wc know' not only ?/, and ;/(„ wdneh ddine Conic curves, hut 
also Y^= ^/X^. If X^ deg*enorate, Y-=^X, is a Qnartic Ikarahola. Y-= -v/X, is 
a Ihmhhf Diametral (^jiarlaii, which is luuv assumed to he knowui ; Y-= \/X, is 
the primnry Qnartotertian ( 9th Class of (Quartans) ; = \/X ^ is tlie primary Quarto- 
hyperbolic of the irth class. Thus the 9th class l)ocoiuc‘s auxiliarv to the 10th, 
Idth, and lOtli; and the 17th is auxilinrv to all wdiicli followMt. ’^flio Ist class 
(Q.uartic Parahohi) is auxiliary to the lllh and IJth. 

It is believed that in the 8th class ahme tlnu’c are in strictness as many as 2(10 
species. This makes it impossible to undertake to draw tluon all, which multiply 
more and more in tlie higher classes, us the number of constants increase. Xe\er- 
iheloss many diagrams are laid before the Association, nearly (‘xhnusliiig the forms 
of the earli(‘r classes. I'lie Semicuhical and tlie Quartoterti’an ar(' notable as pecu- 
liarly novel and most remote* from the Douldy Diametral. 

TVIany of the forms might be conjectured beforehand from the Doiiblv Diametral 
by merely introducing inequality, as in place of two equal, tw'o unequal ovals. 
Nevertlieless there is much that could no\er be so conjectured, just as in the Doubly 
Diametral W'c could not conjecture the forms of the 'inferior classes from knowing 
the superior forms. 


On the Chrtfldr Tran^forinatwa of 
Jhf Prof. JI. .1. Step 11 Kx Hmittt, F.H.S, 


Gexeeal Puysk s. 

On St/mj^mfJiu of Pmdidams. Bij Professor P. G. Tait, 


Oil Behtions hefween the OaaeouR, the Liquid, and the Solid States of Matter. 

Bij Prof. Jam75S Tiiomsox, LL.l)., Queen's Colleje, Belfast. 

The object of this paper is to submit some new theoretical considerations wdiich 
constitute a further development of one portion of the views offered, at last year’s 
Meeting of the Association, by the author, in his paper entitled “ Speculations on 
the Continuity of the Fluid State of Matter, and on Relations betw'cen the Gaseous, 
the Liquid, and the Solid States.” He has iiowr to make reference to the abstract 
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of lliat paper printed in the ^Transactions* for la«<t year at page oO; and, in 
particular, to the diagram of three curves shown sketched in tig. 1 of that 
abstract. 

In respect to these curves several rss< ntial features liad been, at tlie time of la^t 
year’s Meeting, clearly discerned, and were pointed out and reasoned on by the author 
in his paper then read. Ills attempt to sketch out the curves, howe>er, in sulIi 
a way as tliat th(‘y should b(‘ in agreement with the known conditions then tak(;n 
into consideration, soon forced on his attention the (pi<*stion wlieUior the two 
curves, one of which is tliat betwetui gas and liquid, and the other is that bcdweeu 
gas and solid, ought to he drawn crossing as represented here in tig. 1 r/, or as in 
hg. 1 b j and his object at present is to give a deuionstration, subsequently devc- 


Fig. 1 (U Fig. 1 h. 



loped, showing that the\ must cross as in fig. J a\ or, in otlier word as in tlie 
diagram which he ga\e in the abstract of bis last yt-ar's paper. 

It is to be understood that A X and A V av(‘ the aves of coonUnates for pres.siires 
and temperatures res])e(;liN ely : A, the origin, being taken astln' zero for pressnre.s, 
and as the zero for temperatures on the (kmtigrade scale; and, for .simplicity in 
expres.sion ami in thought, th(‘ diagram may be taken as relating to the particular 
substance of water, steam, and ice, rather than to substances in general. Tin' 
curve E T P is the holUtKj-Uuo^ or the lino whicli has its successive points sucli that 
for any one of tluuu tlu^ two coordinates represent a ])ressiiro and temperature, 
for a boiling-point, or a pn'ssiire and temperature which the water and .steam can 
have Avlieii in mutual contact. It may also be called, for br(*vity, the steam- 
irifh-u'ater line. In like manner the curve X T is the sleam-irith-iee line ; and 
the curve MT It is the, miter-with-ice line. The full meaniug of tliese diagrams 
may become, mon' distinctly iulelligiblo to the reader if lie will ad\ert to the ex- 
planations given in the paper already referred to in last, year's ‘Transactions,’ as to 
tig. J in that paper, — explanations which, though now ii'^eful, need not be wholly 
repeated hero, as the present paper is meant to la* read in connexion with that 
previous one. 

If wo now look to iig. 1 a and .suppose that wo haxo wati*r and steam in mutual 
contact, the pressure and tfunperature must he repivsmitcsl by the coordinates of 
some point of the steam-with-water curve LTP. Lot us now suppose that we 
lower tlie temperature gradually 'while, keeping venter and steam in inuliial contact : 
the point xvhose coordinates .show the successively co(‘xistent tempc'raturos and 
pressures wdll pass down^vards along tln^ sieam-xvith-'svalcr curve L T F. Let us 
suppose this operation continued so lar its to bring this point into that part of the 
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curve wliicli beloiij^s to temperatures below that of tlie triple point T*. This sup- 
posed extension of the steam- with-water curve into tiunperatiires below that of the 
triple point, where frec'zing’ would (certainly set in if any ice were presimt, is to be 
conceived of as a curve corresponding* to states of equilibrium between the sbuini 
and water. It is well known that water can, in various circumstances, be reduced 
in temperature below its freezing-point witlioul its freezing ; and this the author 
attributes to a ditiiculty of making a beginning of change of state t._ It is also 
known that tlie presence of a gaseous atmosphere, of common air with aqueous 
vapour in contact with water, does not necessarily introduce any condition which 
will give liberty to the water-substance to make a beginning of change of state^ 
into ice, either from the li(iuid or the gaseous part, or from both at their face of 
contact. Thus there can scarcely be a doubt but that the steani-with-water curve, 
L T, has a practically attainabki extension past T ; and valid reasoning, the author 
thinks, may certainly be founded on the supposition of this curve as one of equili- 
brium between steam and water, 

whether or not, in various modes Thg. 2. 

of experimenting, it might be 
easy or difficult or unmanagcj- 
able to practically oxclud<^ all 
conditions which would gh e 
liberty to make a beginning of 
the formation of ice. We may 
then see that, supposing steam 
and water to be present togethfu* 
in a condition of ttnuperatiire 
and pressure rtipresented by any 
point such as 0 in tig. In, tliero 
is perfect freedom for the transi- 
tion either way between water 
and steam. Ihiat is to say, 
while the water and steam are 
maintained at the teinperaliire 
and pressure of the point (’, the 
water is perfectly free to change 
to steam, and the steam is per- 
fectly free to change to water. 

Let,Yor brevity, the temperature 
and pressure of the point C be 
denoted by and;q respectively. 

Now, to aid our conception in 
a process of theoretical reason- 
ing, let us imagine an anparatiis 
possessing certain qualities in 
theoretic perfection^ thus : — 

(see tig. 2). 

Let there be a cylinder, stand- 
ing upright, closed at bottom, 
open at top, and with a piston 
which works without leakage 
and without friction. 

Let the weight of the pi.ston, 
together with the atmospheric 
load on it, he halaiicc'd by a counterpoise T5 ; or else let tbc whole apparatus be 
conceived to be enclosed in a large external \cs3cl from which the air has been 

* The meaning of the ^‘Triple Point” is explained in the paper already referred to in 
last year’s Transiictions, page 32. 

t Tn papers by the author (Proceedings of Koyal Society, Nov. 24, IcS.oO, page 158 ; and 
British Association Report, Transactions of Sections, lH.59, page 25), the principle of 
attributing sucli phenomena to a difficulty of maJemy a heginning of change of state was, 
go far as he is aware, first announced. 
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extracted, and then the counterpoise B must just balance the weight of the piston. 
Let weighs A, A bo laid on the piston, which will give exactly the pressuKi 
to the fluid enclosed in the cavity of the cylinder^ and let this enclosed lliiid he 
supposed to bo water- subslanee talcen at lirst in the state of steam with wat(‘r, as 
shown in the ligiire, where S is steam and W is water. 

Let the entire cylinder and its contents be maintained at the teniporature (a 
tempcratur(‘ below that of the triple point) by innnersion in a bath at that tempe- 
rature, as shown in the figuri'. 

Now apply an iulinitidy small extra weight on the piston, so that tlie internal 
pressure becomes + wliore b is iiiiinitely small. TJiis causes the steam to go 
perfectly gently down to water. 

Now insert a particle of ice. Brisk action or agilaticjn inslantly sets in. 
Thus : — 

(1) Tho water with ice cannot repose without both ctnning to the teiiiperaturo 
which, for the pressure or w'o may here as well say for the pressure ji.y 

belongs to water with ice; that is to say, in reference to hg. I a, the water with 
ice cannot repose ^^illiout both coming lo tho temperature of the point U on the 
water- with-ico line in that figure. 

{'1) The water at this raised temperafure, or at any of the intermediate tempt*- 
ralures between this and the temperature of the surrounding bath, is in a stale 
tending to ebullition into steam, a state in ■which boiling will ensue if a beginning 
be made at all, or if duo facility to begin be afforded in any A\ay. 

Conduction of heat, or (‘ondnclioii witli convection, is briskly going on, con- 
veying lioat out to the batli, since the temperature inside is at some parts warmer 
than th(i bath, and is nowhere cooler. 

Now, <‘ither (‘hullition ensues, or it does not. 

First, Suppose it nut to take ]dac(‘ : — ■ 

Ikirts of the wat('r are warmed by the frt'ezing-process. They briskly transmit 
heat out to the bath, the freeziug goes briskly on, and the same process of trans- 
mission of boat from a higher to a lower temperature goes briskly forward. This 
continues till all tlie ciicloN(‘d fluid has b(‘come ice. 

Now it is obvious tliat if th(‘re is a brisk action, with rapid conduction of lieat, 
wlu'ii steam, or water-substance partly steam and ])artly water, is allowed to pass 
into the state of ice wliile the preasure is and the surrounding temperature is 
C, there could bci no return i,v reversal to tJio okl condition of steam, or of steam 
with water, caused or allowed by merely an iiiiinitely small abatement of pri*si;uro 
from 7 ^ 1 +5 to p^. To cause the ice to evaporate, or to get it to remain in equili- 
brium with bl(iain, which we know experimentally it can do at a low enough pres- 
sure, a finite (not infinitely small) abatement of pressure is necessary. 

Tlius has been proved wluit was wanted, pro^ided we be right in supposing 
ebullition not to talvc place. 

But now : — 

Second. Suppose ebullition to ensue on the introduction of the ice — a com- 
plicated interaction of A\ater, steam, and ice, involving brisk agitation, must 
set in. At any face of contact of water and ice, the temperature must be tliat 
of the point IJ in fig. la j at any face of contact of stt'am and ice the lenipe- 
raliire must become that Asdiich belongs to the pressure 2^1 011 the steam-with-ice 
line, and Avhicli is shown at the point AV in tig. 1 a on tho supposition of the 
curves crossing as represented in that figure ; and at any face of contact of .‘^team 
with water the temperature must he that of tlie point C. As yet we need not 
assume that Ave IvIioav Avhethor the point W for pressure on tho steam-AA'itli-ico 
lino is at a liigher temperature than that of (\ as is representi'd in tig. 1 a, or at 
a lower temperature than that of ( -, as it Avoiild be if the curves crossed as in tig. 
1 h ; but clearly Ave Jviioav that the teuiperaluro of U is higher than that of (.-, 
which is the same as that of the hath ; and Ave can also sec that any steam in con- 
tact Avith Avatt'r and surrounded with the hath at teanperature while the pressure 
will ho ready to condense to Avater, or wdll actually so condense if the prt's- 
sure be increasi*d by the infinitely small augmentjition d, just as did tho steam 
originally supposed to occupy part of the cavity. Thus Ave must have an action 
going briskly on, involving rapid conduction of heat, an action involving tlie 
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continual conromon of wator-sul) stance from tlie fluid state (g-aseoiis or li<|uid) to 
ice, and 'Nvlucdi goes on till no steam iviiiaius to condense to water at a face of con- 
tact with water, and till no water n^inaius to he frozen at a taco of contact with 
ice. As tills process goes on with hriskness or agitation, involving rapid conduc- 
tion of heat, we can see that, as in the pr(!viously supposed casi‘, the process is 
irreversible liy an intinitely small abatement of pressure ; and we can see that to 
get steam to rtmniin in rept)so in contact with ice at the temperature of the sur- 
rounding bath, wo mU't have the pr(‘';j'.uri', abated by a liiiiti' amount, so as to be 
dec-idedly less than llie pressure bidongiiig to steam witli water at the tlxed 
temperature of the bath : tliat is to say, for a temperature below the triple 
2 mint the pressure of sti-ain with ice is li‘s8 than tlie pressiirt' of steam with wiiter. 

Hence, referring to lig. 1 wo see that in llio steam -with-icc eurve the point 
1), having the same temperature as ih<‘. point C oi‘ the steam-with-water curve 
has, must, while situated in the isothermal line BJJ passing through C', be away 
from C at the side where the prt‘ssnre is less than at (J ; or it must lie between 0 
and the coordinate axis Y A produced pa^^t A. 

This may lie regard('d as very mvarly establishing that the curves cross one 
another, as drawn in lig. 1 a. It shows that they do not, as in lig. 16.^ l^P to 
the present stage, howiwor, the rea'^oning does not exclude the suppositions : — 
1st, that tlie curves might meet tangentially in the triple point T, and pass on 
without crossing; i^nd, that they might cross in tlie triph' point, meeting each 
other then' tangentially; .‘ird, that the steum-with-ice lino might absolutely stop 
short in the triple point. 

Tlie lirst and second of these I'emaining suppositions, deptnading*, as they do, on 
supposed tangential meeting instead of meeting or crossing angularly, the author 
tliiiilcs very unlikedy. One reason is that the condensed water-substance in contact 
with the steam makes a perfectly sudden change in its character in changing from 
water to ice or from ice to water; and he Iherolbre thinks that in the curve which 
represents steam with water above the tnple point, and steam with ice below it, 
wo should expect to And a sudden change of direction at the point where this great 
physical change sudd{‘iily talu's place. 

Another reason against the first of these suppositions will bo given in what 
follows almost immediately, hy a proof that after meeting in tlie triple point in rising 
from lower temperatures, they cannot go on further without crossing. The thinl 
supposition, uamely, that the stoam-with-ico lino might stop short in the triple 
point, the author thinks very unlikely to be the truth ; but lie is not aware of any 
cxperimoutnl proof to otler against it. 

Tsow, til at tJnj curvi's, after meeting in the triple pc)int in lising from lower tem- 
porature*:!, cannot go on further without crossing, will be proved if it be shown tliat 
oil the supposition of tlie bteam-with-ice (‘urt(‘ not stop])ing short nu rising to the 
triple point, it must, on pH.-'^ing that point, lune its course on the sidi* of the 
steam-wit h-Avator curve remote from the coordinate axis Y A; or, in other Avords, 
if it bo shoAAii thnt., for any tmnporatiire t, above the triple point, the pressure of 
steam Avith Avater is less tliun th(‘ pres;>ure of steam Avith ice. 

d'his can easily be done by a demonstration quite like the one already giA’eii for 
a temperature below that of the triple point; and a brief sketch of it will here 
sulllce. 

Let ns imagine that avo have a cavity of A'ariablo dimensions, such as a cylinder 
AvIth a piston Avhich can he load(‘d so as to apply any desiri*d pressure to fluid sub- 
stance enclosed Aviiliiii. Let this xessol contain steam AAuth ice at a temporal live 
L, AA'hicli is above tliat of tin’ triple point; and let the cylinder bo immersed in ti 
liath maintained constantly at the temperature t,. Let the pressure of the steam 
Avith ice for this temperature bn culled p.. 

Noav inercas(‘, the pressure liy an intinitely small amount 5, niaking it 
While this is kept applied to the steam, the f ieam is by it kept going doAvn to the 
state of ice ; and thus avc can conceive of the Avhole or any desireil pari being con- 
verted quite gently to ico^', Xext, AAdiile maintaining the pri’SMire p, or in 

^ The fuel that the ice hehig rigid Avould oppose a nieelianical ohst ruction to the com- 
plete pro'^sing of the steam down to ice by a piston, may be noticed in passing, but it does 
not luti’odiiec any theoretical difficulty into the reasoning. 



TRANSACTIONS OV THE SECTIONS. 


29 


he steam, if any remains, or in the water next to be iutrocliiced, introduce a par- 
ticle of water. Instantly the ice begins to melt, and falls in temperature, at the 
place of contact with water, to the temperature of water with ice for the applied 
pressure or point V in the figure. But the surrounding bath 

13 warmer than this, and so a decided difference of temperature is maintained, 
involving a rapid conduction of heat from the warmer bath to the colder melting 
ice and the cold water in contiguity to that ice. There can be no repose till all 
the water-substance originally enclosed as steam with ice has become water,* be- 
cause, while the steam can pass gently to ice under the pressure on the sup- 
position that some particle of ice is kept present, and will be forcc^cl down by the 
infinitely small excess of pressure 5, the ice must briskly rush to the state of water. 
But we know we can have steam present in repose with wah*r at the maintained 
temperature if we make the pressure small enough. An infinitely small abate- 
ment of pressure will not counteract or reverse the change which has been briskly 
taking place ; and so the pressure must be made decidedly lower than either 
or p^ to allow of the water resting in equilibrium in contact wiili steam at the 
temperature 

That is to say, referring to fig. 1 on any isothermal line, such as F G, the 
point II, where it is cut by the steam-with-water line, must be nearer to the axis 
Y A than is the point G, where it is cut by the steam-witli-ice line. 

This, then, closes the course ot reasoning entered on hitln'rio in these pages, and 
establishes (the author thinlcs with very little if any room left for doubt) that the two 
curves do not cross as in fig. 1 h ; and that in meeting at the triple point, they do 
not meet and pass tangentially without crossing, but that they must cross as in 

The conclusion here arrived at the author thinks may admit of cxporimental 
verilication j and ho thinks it opens a desirable held hn* further and more perfect 
experimental researches than have hitherto hoeii made on the coexisting pressures 
and temperatures of steam and otlier gaseous substances, each in contact with its 
own substance, either in the liquid or in the solid state, at temperatures ranging 
above and below the triple point for each substance. Without its being necessary 
to make experiments on substances iu the conditions represented by tlie dotted ex- 
tensions of the curves past the triple point, he thinks tliat very accurate experi- 
ments might show, for steam, an obtuse re-entrant angle or corner at T, in the lino 
LTN, which appears not to be one curve, but two distinct curves meeting in T, 
and crossing each other at that point. 

Through an examination wlucii the author has made of tlie experimentally 
derived curve given by Regnault * for what is shown as L T X here in fig. 1 er, he 
finds that the curve seems to show a slightly perceptible feature of the kind hero 
anticipated — a slight re-entrant angle, or at least a slightly flattened place, or 
place of diminished curvature at the triple point; but this feature does not appear 
sufliciently marked to admit of its biuiig relital upon as a decisive experimental 
conhrmatioii of the theoretical view here submitted. 

The author also submitted to the JMeetiiig the followiug additional considera- 
tions on the subject. 

It can easily be shown that the perpetual motion would be theoretically attainable 
unless (1) the pressure of .steam with ice for a temperature which is below the 
triple point, were less than the pressure of steam with water for tlie same tempe- 
rature ; and also (2) unless the pressure of steam with water for a temperature 

taken above the triple point, were less than the pressure of steam with ice for 
tne same temperature 

To prove the first of these, we have to observe tliat at which is below the 
triple point, in pressing steam down into water, wo give mechanical work to the 
substance (call this a). Then when wo insert ice, there is a finite difference ot 
temperatures, with conduction of heat out to the bath ; now by making this heat 
pass, not by conduction, but through a thermodynamic engine (an air-engine for 
instance), we can obtain work, which let us call b. During this freezing, too, we 
got back from the water-substance a little work, owing tt) tlie expansion of the 
water in freezing under the prosure (call this c). Next allow the volume to 
* M^moires de I’Acadernie des Sciences, 1817, plate viii. 
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increase wliile arranging tLat the ice shall he evaporating into steam under the 
.temperature of the bath j we obtain mechanical work, which call d. 

Now if, in this expanding process of ice to steam, the pressure were as great as 
jPj, which was the pressure during the compressing to water, we would get oack on 
the whole from the piston all the work we gave to it ; that is, the two portions 
c and d of work got back would together bo as much os we gave, namely a \ and we 
would have made a clear gain of the work h obtained from the thermodynamic 
engine. 

A like proof could he given in respect to the second case — that in which the 
temperature is above tlie triple point. 

A slight extension of this reasoning will prove that the curves, in crossing at the 
triple point, cannot cross tangentially. 

This can be seen obviously from the consideration that the work obtainable by 
tlie thermodynamic engine is proportional to the diflercnce of the temperatures 
between which the heat is transmitted ; and that the difference between the work 
given to the piston of the cavity in compressing steam to water, and that obtained 
back again during the evaporation of the ice to steam, and then pressing the steam 
when the evaporation is complete a little down till it attains again its origina. 
pressure and volume, will bo proportional, very approximately, to the difference of 
the pressures existing during the compression of steam to water, and the expansion 
of ice to steam, which latter pressure let us now call^)/. Also let us call the tem- 
perature of the triple point 

Thus it is obvious that we must have, as long as we keep very near the triple 
point, ^ cc 

And this shows that the crossing of the curves must be angular, not tangential. 

The author further suggested thar the reasoning hero adduced may he followt^d 
up by a quantitative calculation founded on experimental data, most if not all of 
which are already available, by which ‘rnlculalion the diffeia'nco of the pressures of 
steam with water and steam with ice for any given temperature very near the 
triple point may he found with a very close approximation to the truth. 


Astrokomt. 

On some new Points in the Mounting of Astronomical Tclescojoes* 

By Howard Grudb, F.ll.A.B. 

The very groat inconvenience attendant upon the use of the ordinary position- 
circle of a micrometer divided on a metallic limb, and the necessity of having small 
lamps hung on to tin* micrometer for producing that very useful character of 
illumination of the wires known as the dark field,” has induced the author to 
introduce some modifications in this (to the observer at least) very important 
part of an equatorial instrument. 

^ These modifications have already been applied with success, and for the first 
time (as far ns the author is aware) to a 7-incli refracting telescope nowin course of 
erection at the Observatory of the Koyal Artillery Institute, Woolwich ; and the 
author has (in consequence of this success) been ordered to adapt them to the 
Great Eqiiatorinls now^ in course of construction for the Iloyal Observatoiy, Edin- 
burgh, and the Observatory of the Lord Iind.say, Aberdeen^. 

The rack-and-pinion tube carrying the eyepiece or micrometer revolves freely 
in the casting which fonns the lower end of the teleecope-tube, and carnes a brass 
plate (all cast in one piece), on which is cemented a flat ring of plate glass, muffed 
on back and in front varnished with an opaque varnish. Through this vaniish the 
divisions are cut, so that on being illuminated from behind the divisions appear 
bright upon a black gi’ound. The vernier is similarly treated, and the whole of 
this circle, being covered wdth a cap, with a glazed window only sufficiently large 
to expose the vernier and about 16° of the circle, is protected from possible injury 

* Xho brcecli-piece and position-circle of tbe Woolwich Equatorial was here produced. 
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and 13 read most conveniently Ibpngli this window, being illuminated by a beam 
of light constantly directed upon it from a lamp hanging on end of the declination* 
axis, as will bo afterwards explained. 

Between tho fixed casting which forms tho end of the telescopo-tiibe and that 
which revolves in it is another metallic circle cut into **300 teeth on edge, and 
fiO holes drilled accurately^on face; into the teeth on edge is geared a screw 
which is mounted on fixed casting, one revolution of which is of course eoual 
to an angular movement of 1°. 

In tlie other (outer) movable brass circle is mounted a steel pin working up 
and down in a small cylinder ; this pin, being pressed down by a small sjural spring, 


Lino of rays from 
objective. 


Fig. 1. 


For position-circle. 

For bright field illumination 
of micrometer. 


I 


Portion of limb of Iranspartnii 
position-circle. 


enters into one or other of the 00 holes in tho intermediate circle and thus clamps 
the whole eye. end to the intermedinto circle, in which condition a slow motion is 
obtained by the endless screw. ^Vhen it is desired to move the eye end through 
a large angle, tho rack-and-pinion tube is grasped by the hand and in doing so 
the hand almost necessarily grasps also a small steel trigger, which lifts the steel 
pin out of the hole, frees the movable circle, and allows it to be placed in any 

4 * 



32 


REPORT — 1872 * 


linear position. When the desired position is approximated and the trigger 
relieved, the pin drops into the nearest hole, and the endless screw is then used 
for hnal setting. 

The diagram explains the various matters of illumination. 

From a lamp hanging upon the end of the declination axis is sent a beam of 
slightly divergent light through this axis, which is hollow ; this slightly divergent 
beam as utilized for six diiterent purposes, three portions of it being reflected out 
in different directions to illuminate portions of the declination circle, of which one 
is for a long reader for setting from eye end, and the other two for micrometer 
microscopes subdividing the 10' division of circle into single 1" arc. 

None of these are shown in diagram ; but the other three purposes for which the 
light is utilized, viz, for position-circle, bright field illumination, and dark field 
illumination of micrometer, are shown. 

The position-circle illumination is very simple (see fig. 1) ; a single reflector R, 
attached to the inside of the tube, directs a constant beam of light on the back of the 
glass circle at P. 

The bright field illumination is effected by a very small central reflector R', 
which sends the light directly into the field of the micrometer. 

This method is, the author believes, now generally considered to give the best 
results, and has, as far as he is aware, but one disadvantage, viz. that the arm 
which supports the small mirror produces a little ditfraction, and consequently 
deterioration of definition. 

This objection is in some measure reduced by making the arm and mirror 
removable at pleasure by pulling or releasing a string, so that while actually 
observing, it can be removed and replaced instantaneously. 

• In devising the dark field illumination, the author started on the hypothesis that 
there were two essential points to keep in view, viz. that the lines should be illumi- 
nated on both sides (not one), and mat the angle at which the light should be 
thrown upon the wires should be very great, so that the blackness of the hold as 
seen through the eyepiece should not be injured. 

The best results were obtained ,by placing four prisms of total reflection round 
the field of the micrometer, just behind the wires, and of such an angle that the 
light thrown upon them should be reflected upon the wires at an angle such as 
is shown in diagram tig. 2, where W is the position of wires in focus of objective. 

In order that this scheme of illumination should he carried out etlectually 
from the light of a single lamp hanging on the declination axis, it is necessary that 
a certain annular portion of tlie micrometer which embraces these prisms should 
be constantly illuminated from this lamp ; and this is eftected in the following way : 
a portion of the slightljr divergent beam of light, shown in fig. 2, proceeding from 
the lamp on the declination axis is passed through a very low-power convex 
lens, Ij which renders the beam slightly convergent. 

This is not necessary, but a mere matter of convenience, as it reduces the neces- 
sary size of the reflector and lens afterwards required. The light is now taken up 
by a reflector, R, within the tube, and directed towards the eye end at such an angle 
that it crosses the axis of the telescope just at the inner end of the eyepiece-tubes, X ; 
hence it is passed through a piece of glass of a peculiar shape, P P, which is called, 
for want of a better name, an annular prism lens. This piece of gla.«s has a hole 
cut in it largo enough to admit the whole pencil of light from the object-glass. 

The use of this annular prism lens is twofold : — 

1st. It has to alter the direction of the beam of light, before diagonally thrown 
across the tube R X, to that parallel to the axis of the telescope j and 

2nd. It is necessary that it should have a slightly converging effect to reduce 
the size of the illuminated circle it produces. 

This arrangement so far performs perfectly in all but one particular. It 
throws a strong beam of light constantly upon the four prisms, p, and illu- 
minates the lines well ; but although no direct light can enter into the field from 
the mirror placed so far out of the cone of rays from the objective, still the light 
thrown against the side of the eyepiece-tube is sufficient to completely destroy 
the effect of this illumination. The difficulty, however, has been completely 
xemoved in this way. 
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It should first he mentioned that the eyepiece or micrometer-tube is made double, 
an outer parallel tube and an inner taper one ; and it is between these two that 
it 18 required that the light should be brought to the four prisms or micro- 
meters, any light shining into the inner tube doing mischief by injuring the black- 
ness ot the held. ^ ^ o 

On the lens used to give a slight convergence to the light is placed a circu- 
lar opaque disk o, of a certain size easily ascertained j a lens of a suitable focus 


Lino of rays from 
objective. 



being then placed near the reflector, an image is formed of that opaque disk just 
over the eyepiece-tuhe at X, tind of such a size, when properly adjusted, that no 
light can possibly enter the inner tube. 

Thus wnile not a single ray of light can by any possibility enter the inner tube, 
a flood of light is sent down between the inner ana outer tubes and directed upon 
the four prisms in whatever angular position they may be. 

It only remains to say that both tlie intensity and colour of the light for both 
characters of the illumination are under complete control of the observer while 
actually observing. 
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One other matter is perhaps worthy of note. 

The want of a convenient method of mapping nebulee or faint stars by a reticu- 
lated diaphragm of bright lines in the field of view has long been felt, and the various 
methods of using diamond scratches on glass or illuminated lines are subject to 
objection and troublesome to manage. A simple method of using an image of such 
a aiaphragm instead of the actual diaphragm itself here suggests itself. 

lieferring to the portion of the rays used for bright field illumination, and shown 
in fig. 1, suppose the small diagonal mirror, K', to be replaced by an equally small 
prism having such a convex power that it forms an imago of any object at the end 
of the declination axis exactly in the same plane as the image found by the ob- 
jective; then any kind of reticulated diaphragm of bright lines on the dark ground 
can be placed on the end of the declination axis, wliicli would have a suitably 
prepared carrier for them, and their imago would bo seen in the field of the 
telescope of any colour and any intensity desired. 


Besxdtat de mes Observations dans VInde sur VEdlj)se du 12 Dio, 1871. 

Par Dr. Janssen. 

Je consid^re d’autant plus comine un plaisir de douner ici co rL%ume que I’Asso- 
ciation Britannique par rorgane de son illustro PriSsideiit do raniu5e derniore m’avait 
geni^reusement propostS de se charger de mon voyage dans I’ludo pour le cas ou Texe- 
cution do co voyage cut rencontriS en France des difiicultes. 

lleureusement iiotre Gouvernenient comprit rimportance de ces questions scien- 
tifiques et voulut faire les sacrifices nt^jcessairos ; mais je n’en suis pas moius recon- 
naissant euvers la savaiite Association, 

On salt quo le hut des expi^ditions etait do diSterminer la nature de la couronno 
eur laquelle, malgrd les observations de 1860 et 1870, planaient encore bieu 
des doutes. 

Le pen d’eteiidue que doit avoir cette note ne me pormet pas d’examinor les 
travaux ant^rieurs sur la couronno iii memo les resultats obteuiis par les autres 
observateurs le 12 D(5c. 1871, je mo bornerai a exposer mes observations per- 
sonnel] es. 

Pour Tetudo de co grand probPmo de la couronne jo me suis attacb<5 surtout 
a K^aliser deux conditions capitales. 

l'^. Le cboix d’une station oii le ciel fut d’une grande puret^ an moment du pbd- 
nomene. 

2^^. La realisation d’un instrument collecteur de la lumiere tres-puissaiit de inaniero 
a obtenir un spectre tres-lumiiieux de la couronne (c est le defaut de lumiere qui 
jusqu’ici a iiiduit en erreur sur la veritable constitution du spectre de la couronne). 

Pour avoir un bon choix de la station je partis de France deux mois avaiit I’dclipse, 
et je parcourus pre.sqiu' toutes les stations de la ligne centrale depuis Ceylon jusqida 
la cote Malabar. Le massif moiilagneiix des Neelgherry me pavut ofirirles meilleures 
conditions sous le rapport do la piiretd du citl. En ctudiant ces moiitagnes j’ai rc- 
marqiie que tons les Jiiatins, an lever du soleil, le vent s’elevait de I’orient et amenait 
des images, mais que ce vent cessait bientot, en sorte que ces nuages s’arretaient et no 
couvraient que la portion orientale du massif 11 resultait de cette remarque que les 
chances dtaient beaucoup plus grandes dans la rdgioii occidentale du massif. Je 
m’t5tahlis done dans cette direction. Ma station fut une montagne pres Shoolor, petit 
village Indien a environ 7000 pieds au-dcssus du niveau de la mer 

Je viens maintenant aux instruments. 

L’etude des resultats obtenus en 18G9 et 1870 m’avait d^montr<5 que e’est le 
manque d’inteusite liimineuse des spectres de la couronne qui avait empechd d’oh- 
tenir des resultats plus decisifs. Mes dispositions optiques eurent done pour but 
d’obtenir un spectre dela couronne tres-lumineux: jeconstruisis un telescope d’environ 
40 centimetres de diam^tre, et 1"'*43 de distance focalo. Ce telescope donno des 
images environ 16 fois plus lumineuses que celles d’une lunette astronomique ordi- 
naire de meme ouverture. Le chercheur «Stait disposd de inauiere que Tun des yeiix 

* Je remeroie ici les autorit^s de ot en particulior Lord Napier, de I’appui qu’ila 
m’ont donno. 
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<5tant au cherclieur, I’autre pouvait regarder dans le spectroscope du telescope. Cette 
disposition est tres-importante j elle permet au meme observateur de voir le pb(3]io- 
m6ne, et d’en obtenir en meme temps Tanalyse lumineuse. 

Le spectroscope ^tait ^galoment tr^s-lumineux et mis en rapport de foyer avec le 
telescope. 

Enlin je pris des dispositions pourrdaliser robsciiritd autoiir do nioi pendant I’ob- 
servation aim de conserver a ma vue toute aa sensibility. 

Void maintenant le rysumy de Tobaervation deTeclipse. 

Le 12 D(3cenibre a Shoolor au lever du soldi lea nuages arrivyrent coramod’habi- 
tudo et couvrirent le Dodabetta; mais ils n’arriverentpas jusqu’a iiouS; et nous eumes 
un temps d'uno puretd admirable. 

La coiironne se niontra avec des formes et line Constance d’aspect qui no permet 
pas de Texpliquer par la dillractioii. 

Lo spectre des regions supyrieiiros de la coiironne montra immediateinent la raio 
vorte dyja signalee et si remarqiiable j mais elle etait accompagnee desraies de Tby- 
drogene pfilcs mais bien perceptibles. 

Ainsi le spectre de la coiironne n’cst pas contimi comme la pliipart des observatciira 
de 1868, 60, 70, Font observy ; mais, meme dans les regions siiperieures il nous pry- 
sente independamment de la raie verte les principalcs rail's de I’hydrogene. 

En avaiK^aint vers la base de la coiironne le spectre gaguait en vivacite, les raies 
de riiydrogono s’accentuaieut da vantage. La raie obscure D s’esi luontriio, 

Dans le vert j’en ai vu anssi qiiolques autros plus tines; mais cette vision otait a 
la liiuito, ce qui s’explique tres-bien, parco quo j’avais ouvert laJTcnto autant quo 
possible, mais de mauiere a voir toujours les principalcs raies du spectre solaire. 

Je pla^ai onsnite la fentc do maniyro a couper a la fois lo disquo de la limo, une 
protubyrance ot diverses regions do la coiironne. 

Lo pbynoniene fut trt'^s-beau et tres-concluant. 

Sur la lime, wSpectre tres-faible presentant les lignes de rbydrogono tres-courtos, 
tr^s-faibles, prolongeant les raies tres-vives de la protuberance. 

La protubyrance no donnait pas la raio verte, taiidis que cette rnie commen^ait 
immydiatement aii-dessns dans la coiironne ; entiii la raie D fut aussi visilile. 

D’antres observations confirnierent cos rysnltats pour le spectre de la coiironne, 

Tja polarisation do la coiironne est vive, elle est radialo et a son maximum d’in- 
teiisity a qiielques minutt'S do la chromosphere. 

Ce rysultat oxpliqiio comment qiielques observnteurs out trouvy la limiiere do la 
coiironne non polarisee : e'esfc qirils iiiterrogeaient des parties do la coiironne tres- 
voisines de la ehromo^^phere, la oii rymission jiropri* Temporte sur la reliexioii. ]\Jais 
plus haut rymission etant plus faible, la reliexion dovient perceptible, et e'est lu aussi 
qu’on trouve les raies obscures du spectre solaire. 

]hi rdsumy. II parait aujourd’hui dyiuoniro par les observaiiona do 1809, 1870, 
1871 : 

Quo lo phenomene de la couronno des ydipses tot ales ost dii a line Cnvcloppe ga- 
zeiiso appartonant au soleil ; 

Quo cetto enveloppo est lumineuso par ello-niemo, an moins dans les parties 
voisines du soleil ; 

Qu’elle possede une density excossivement faiblo et iino temperature beaiicoup 
plus basse que cello de la cliromospbore ; 

Que le gaz hydrogeiie en forme un element principal ; 

Quo cette envelojipe gazinise n’est nulloment dans un ytat staliqiio, mais qu’ello 
presente di'S forni(\s tres-irreguliercs,ce qui s’cxplique pur h\s monvoments prodigieiix 
de matieres qui out lieu dans la chromosphere et qui font peiietrer dnns eel to eii- 
veloppe d’immenses jets de matieres qui en tronblent continueliemeiit lequilibrc et 
on changent la density en scs diverses parties. 

Cette coucho formant une enveloppo Ires-ilistincte de la chroiuospbere, il y a lieu 
do liii donnor un nom. Je propose do Tappeler Vatmosphh'c coronalc. 



36 


REPORT — 1872. 


Light. 

Befvaction and Solar Spots, By J. H. Brown. 

On the Action of Quartz on Ultra-Violet Rays, By Professor Crotjllebois. 
On Tidies Phosphorescent by Friction, By Professor Choitllebois. 

On Focal Lines, By Professor J, D. Evekktt, D.C,L, 


On a. Dijjlcidty in the Theory of Aberration. 
By IVofcssor J. D. Evekett, D.0,L, 


On Miraye, By Professor J. D, Everett, D.C.L, 


On Astronomical Refraction, By George Forbes. 

The errors of the refraction tables are best shown by noticing the variations in 
the North Polar Distances of stars observ^cd with tlie Greenwich Transit-circle ae 
determined by observations of different nights. They are sometimes very con- 
siderable. Ilumidity is doubtless one of the most important points to be attended 
to. But this correction is diflicult to apply, for its value is at present unknown. 
The author wished to point out a minor correction, which, however, becomes im- 
portant in some cascs^ which can be easily determined, and which, so far iis he 
knows, has not been hitherto alluded to. his is the effict duo to a difference in 
the henjht of the atmosphere at adjacent stations on the meridian (if a meridian 
instrument be used), as shown by the barometer. The superabundant air will act 
as a prism of air, and may possibly introduce sensible errors. 

The theory of correcting for tliis is as follows : — 

In the differential equation to the path of a ray, viz. 

dr^i^im. ij 

ft 

{ is the inclination of the ray to the nornifil to a surface of equal density (the sur- 
faces of equal density being supposed to be concentric). But in the case considered, 
where the barometer varic's at adjacent stations, the surface of the earth is not a 
surface of equal dtuisity, but is inclined to it, so tliat the sections of tbe surface of 
equal density and tlie surface of the earth, by a piano in the imu'idian, include an 
angle ce, which can he easily tabulated for different values of the barometric dider- 
ences. Hence, in using Bessel’s refraction tables, where the argument is the angle 
q we ought to use, not the observed zenith-distance Z, hut the angle Z+«. 

By comparing good observations at stations five miles apart, tlie autlior found that 
the barometers sometimes differed by 0*010 inch. The effect of this difference on the 
places of stars is as follows : — 

For stars whose zenith-distance is GO the correction is about 0*2 

)9 yy 80 „ 1*0 

J) yy So „ 3*6 

n yy 00 ,, 20 0 

These effects then are very sensible. Nor is it likely that the barometer obser- 
vations compared are exceptional. 

The existence of this source of en’or was clearly detected in the Greenwich 
observations, by comparing them with observations of the barometer at adjacent 
stations. Every test that lias been applied confirms the opinion that, by the appli- 
cation of this conection, a considerable increase of accui*acy would be obtained in 
stars of great zenith-distance. 
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The Action of Sunlight on Colourless and Coloured Glass, 

By Thomas Gaffielb, of Boston^ 

The author’s experiments on this subject, of which some accounts have appeared 
in American and European scientific journals, cover a period of nine years, and 
embrace some eighty difierent kinds of glass, of English, French, German, Belgian, 
and American manufacture, — of rough and polished plate, crown, and sheet window 
glass, of Hint and crown optical glass, Jof opal and ground glass, of coloured pot- 
metal, flashed and stained glass of various colours, of glass ware, and gloss in the 
rough metal. They were carried on chielly upon the window-sills and roof of tho 
author’s house in Itoston, in a position exposed to the full force of the sun’s rays 
during the whole or gi'eater poi’tion of every day, only being protected by covers 
in the event of snow-stonns* 

The usual size of tho glasses exposed is four by two inches, and several hundred 
specimens show the effect of sunlight in producing a change of colour by exposure 
from one day in summer to several years. These changes in the colourless glasses 
are from white to yellow, from greeui to yellowish green, from brownish yellow 
to purple, from greenish white to bluish white, and from bluish white to a darker 
blue. By the colours of colourless glass are meant those wliicli are seen in looking 
through the edges of the glass. They are not noticed in lookiiig at the surface in 
our windows, unless a white curtain fiirnislies a contrasting background. 

It is a curious fact that, while these various gla.s.ses before exposure' can be sub- 
mitted to great heat in a glass-staiiier’s kiln without any cliaiige, all tlie exposed 
and changed .specimens can he restored to their original colour by being placed in 
the same Idlii during a ^single lire. A second exposure to sunlight will reproduce 
the same yellow and purple colours as before ; and this process of coloration by 
light and decolorization by heat can he carried on indcHnitoly. 

During the last year, the author commenced an experiment with pot-motals, not 
of the primary colour.s, but of tlie intermediate ones, which most nearly approach 
those produced in colourless glass by sunlight exposure. In every specimen of the 
brownish, yellowish, and rose or purple colours thus exposed, astonishing changes 
in Colour or shade in a sliort time were observed. In some instances a few days 
of exposure in the month of June of the present 3'ear sufficed to sliow the com- 
mencement of the sun’s influence. Tliese changes were from a coffee-colour to a 
rose, from amber, yellowish, brownish, and purple to darker shades of the same 
colours. 

Inasmuch as this class of pot-metal colours was used in the painted windows of 
past ages, and as flaslu^d and staiiu'd colours are subject to change in the colour- 
less body of the glass, may not this series of experiments go far to solve many 
interesting questions regarding tlie alleged superiority of the old cathedral glass ? 
The fact of coloration or change of colour or shade by suiiligbt beiug established, 
must we not transfer some of our praise for the old artists in glass to the wonderful 
pencil of the brightest luminary of the heavens, which, during the ccnturie.s, has 
noiselessly but unceasingly been at work, deepening and mellowing the colours 
of all tho windows of the venerable cathedrals of the world 

Exactly what this wonderful alchemy is, aud what are the methods of its 
operation, are questiems on which various opinions may he given, but which only 
a careful consideration and comparison of the observations and theories of many 
different scientific men can accurately decide. Home have attributed it to the pre- 
sence of oxide of iron, some to arsenic, and some to sulphur in the constituent 
materials of the glass. Some think oxide of manganese (singular as it may seem 
used as a decolor izer) to be the gi’eat colourist in this matter. Tho author thinks 
that in many coloured and colourless glasses it plays a very important part in the 
effects produced. But in some experiments made with glasses containing no man- 
ganese, decided changes of colour from greenish to yellowish have been produced. 

Perhaps the question cannot be accurately solved* until some glass-manufacturer 
will make, with great care and for this special purpose, a series of specimens of 
colourless and coloured glass, which shall be exposed for months and years to the 
influence of simlicht. Knowing tho exact constituents of each specimen, a good 
foundation could 00 laid for a thoroughly scientific investigation of the subject. 



38 


1872. 


Since the publication of the results of the author’s first experiments, made in 
1803, there has been quite a chanf^o in the original colour of some of the window 
glass made in Europe. The author understands that many of the manufacturers 
hare given up the use of oxide of manganese, or reduced the quantity employed. 
The result i.s, that the brownish-yellow coloured glass, which used to change to a 
purple hue in a year or loss, is now replaced by a light bluish green, which shows 
little or no change after years of exposure. It will he a practical result of the 
inquiry suggested above, if colourless glass of all kinds shall he made which shall 
not change in colour by sunlight exposure, and but slightly in shade. Especially 
is it important to photographers, in any o})eratioiis requiring all the light which 
they can obtain, not to have glass in their skylights which, after a few months or 
years of exposure, shall ho robbed of a great proportion of its power to transmit 
the chemical or actinic rays, by a change to a yellow or purple hue, which, in 
time, might cut off almost as much actinic effect as if it were ground or covered 
with enamel on one of its surfaces. The author made some photographic experi- 
ments to show this deteriorating effect, by exposing sensitive paper under glasses 
of original colour, and those of tlie same Idnd clianged by sunlight, and witnessing 
the very perceptibly different shades of darkening produced. 

This action of sunlight must not bo confounded with rust or vstain occasioned by 
exposure to atmospheric influences, which occasions .sometimes a rougheiiiiig and 
sometimes an iridescence upon the surficc; while sunlight action, which has no 
disintegrating effect on the outside^ extends throughout the body of the glass. 


On the Sjyecirim of Hudrogen. By AnrauirSciiusTEii, 

Hydrogen is one of the gases said to exhibit more than one spectrum. Under a 
pressure greater than about 5 millimetres it is said to show a s])ectrnm of shaded 
bands. The spectrum of hydrogen which is soon in tlio heavenly bodies appears 
under a pressure from *5 inillinietres down to tlio lowest pressure wliich can bo ob- 
tained by 8prengel’s pump, where a new spectrum of lines suddenly appears. 
Pliicker, who discovered the baiid-spectruin of hydrogen, was first of tlio opinion 
that it was due to the last traces of air. Eiiiding, however, Qtli at its bands did not ‘ 
coincide with the bands of air, ho attributed it to hydrogen. Angstrom has recently 
given his reasons against this supposition, and believes it,^ to be due to acetylene. 
My own experiments have led to tlie confirmation of Angstrom’s opinion. Gene- 
rally two distinct causes may introduce a hydrocarbon into the vacuuni-luhe : — 

l" The gas passing through india-rubber tubes will carry witli it small pieces of 
india-rubber. 

2. All the vacuum-tubes are more or hiss greasy. 

These two causes I consider siillicient to produce all the effects observed 
by Pliicker. Wiilliier, however, found this spectrum so well developed that 
wo must look in his experiments for a more constant source of error. This, 
I believe, is found in the gr(‘ased stopcocks which he used to shut his vacuum- 
tubes. Examining the spectrum of oxygem, lu; discovered two new spectra 
which he found later to be due to carbon-compounds introduced into his vacuuni- 
tubes by the grease of the stopcocks. Tho quantity of solid matter carried 
away by a current of air passing through an india-rubber tubing is not so 
small as might at first sight appear. Tyndall, in his expeiiments on actinic 
clouds, mentions the effect produced by an india-rubber joint through which the 
gas, subjected to examination, had pas.sed. In order to eliminate the effect of the 
tubings, a drop of water was introduced into the vacuum-tube, wliich was boiled 
after tho vacuum liad been made. When all the air was expelled the sparlc was 
allowed to pass. It was now found that the hand-spcMdrum varii'd much with 
the different tubes. ^ Those which had been well cleaned before being used showed it 
only very feebly. Angstrom’s supposition that this spectrum is due to acetylene is 
therefore very plausible. 

I obtained the spectrum of ammonia by tho following arrangement : — A few drops 
of a strong solution of ammonia in water wore introduced into tho vacuum-tube, 
and tho induction-current was allowed to pass while the pump was being worked. 
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Thus a vacuum is obtained sufficient to allow the passage of the current, and at 
the same time the gas is constantly renewed, which prevents its decomposition. 
The spectrum of ammonia consists of a broad greenish-yellow band, the wave-length 
of which was determined by interpolation to be 5080 to 5027 lOth metres. 

Having no Sprongel’s pump at my disposal,! could not examine hydrogen under 
the conditions in which it is said to give a third spectrum : suffice it to say that 
Pliicker haSoOxamined it under those circumstances, and does not mention any new 
spectrum. Angstrom has shown that all the linos of this spectrum coincide with 
linos of sulphur (which might be introduced by the caoutchouc tubings). Wiillner 
says that tlio general appearance of the sulphur-spectrum is a diiferent one j but 
tins may be due to the circumstance that the sulpluir-spectnuu was never examiued 
under so minute a pressure, 


On tlte Ap 2 ^Ucatlon of Fhofo</mph)/ to copu Diffract ton-(jraiui(js. 

By the Hon. J. W. Btkutt. 

Great interest has always attached itself to the beautiful phenomena discovered 
by Frauenhofer, which present themselves wh('n a beam of light falls on a surface 
ruled with a great number of parallel and erpiidistant lines. Thtnr unexpected 
character, the brilliant show of colour, and the ready explanation of the main points 
on the principles of the Wave-theory recommend them to all, while the working 
physicist recoguizes in them the key ^to the exact moasurement of wave-lengths, 
which has been so splendidly used by Angstrom and others. 

The production, however, of gratings of sufficient fineness and regularity is a 
matter of no ordinary difficulty. Indeed the exactness required and obtained is 
almost incredible. The wave-lengths of the two sodium-lines differ by about the 
thousandth part. If in two gratings, or two parts of the same grating, the average 
interval between the divisions differed by the fraction, the less refrangible sodium- 
line of one would bo superposed on the more refrangible corresponding to the other, 
111 point of fact the gratings ruled by Nobert of Barth, to whom tlie scientific 
world has been greatly indebted, are capable of distinguishing a difference of wave- 
length probably of a tmith part of that above meiilionod. But in order that the 
H-lines may be resolved at all, there must b(^ no average error (running over a 
large part of the grating) of part of the interval between consecutive lines. 
When it is reinemoered what the interval is (from to e^rVo or even 

less), the degree of success which has lieeii reached seems A-ery remarkable. 

A work requiring so much accuracy is necessarily costly — the reason, probably, 
why gratings fit to l3c used witli tlie telescopt‘, for the purpose of showing the fixed 
lines are comparatively rare. The hope of being able to perfect a process for the 
reproduction of gratings at a comparatively cheap rate has induced the author to 
return at the first opportunity to the experiments des(‘ribed in a Preliminary Note 
read before the Royal Society in June la.st. Although the subject is as yet by no 
means oxliausted, the author thought it worth while to bring before the Association* 
an account of the progress that has been made, with specimens of the results. 

The method of procedure is very simple. A dry plate prepared by any photo- 
graphic process on surface of ghiss or other transparent material not affected by 
the fluid media employed, is brought into contact with the ruled surface of the grating 
in a printing-frame, and exposc'd to liglit. In the author’s first experiments he used 
exclusively as a source of light the imago of the sun in a lens of short focus placed 
in the shutter of a darkened room ; hut so small a source is not necessary. The light 
from the clouds or sky reflected by a mirror througli a hole several inches in aperture 
will be sufficiently concentrated if the frame be a few f(iet distant. The autnor has 
not as yet specially investigated the point, hut ho believes that if the light be too 
much diffused, the experiment would fail, IMuch would, no doubt, depend on the 
perfection of the contact — an element very likely to vary. The variable intensity 
of diffused daylight, which it is almost impossible to estimate with precision, has 
induced him to use exclusively in his later experiments with ordinary photographic 
plates the light of a moderator lamp. This, with globe removed, is placed at a 
distance of 1 or 2 feet from the piinting-fraine, the distance being carefully 
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measured. Working in tins way there is little dilHculty in giving consecutivo 
plates any relative exposure that may be required. A collateral advantage is the 
possibility of operating at any time of the day or night. 

With regard to the preparation of the plates, the author has latterly been using 
the tannin process introduced by Major Itussell. A preliminary coating with dilute 
albumen is generally advisable, as any loosening of the film from the glass must be 
avoided on account of the distortion that it might introduce. In some states of the 
collodion an edging of black varnish nut on after the exposure is sidficient to hold 
the film down. The glasses, after oeing coated with collodion (Mawson’s was 
used), are immersed as usual in the silver bath, and then allowed to soak in disdlled 
water, best contained in a dipping-bath. They are then washed under a tap for 
about half a minute, and put into the tannin solution (about 15 grains to the ounce) 
held, in the author’s practice, in a small dish. The author usually prepares his 
plates ill the evening, standing them up to dry on blotting-paper. In the morning 
they are in a fit state for use. Artificial heat might no doubt be iis(‘d if a more rapid 
drying were desired. 

At a distance of 1 foot from tlie lamp the exposure required is four or five 
minutes. The development is the most critical part of the process. The pyrogallic 
solution should contain phmty of acid (acetic or citric), and its action must not he 
pushed too far — the mistake which a photogTapher accustomed to negative work is 
most likely to make. At this stage the spectra' given by a candle-fiamo are not 
very brilliant, on account of the iodide of silver still covering the parts which are to 
be transparent. Any trace of fog is especially to be avoided. Tlu^ author has expe- 
rienced advantage in many cases from a solution of iodine in iodide of potassium 
applied to the film previously to fixing; but its action must be carefully watched, or 
too much silver will be converted. The iodide of silver is then cleared away with 
hyposulphite of soda or cyanide, followed by a careful washing under the tap. 

With regard to the gelatine copies, the author has not much to add to the account 
read before the Iloyal Society. The process is very simple and some of the results 
very perfect, but be lias not hitherto succeeded in sutficiently mastering the details. 
Plates apparently treated in precisely the same inamu'r turned out very difterently. 
That difficulties should arise is not yery extraordinary, considering the novedty of 
the method ; but it is curious that some of the very first batch primared are among 
the best yet produced. The value of the results is so great, that the author has no 
intention of abandoning his attempts, and perseverance must at last secure success. 

The author then said a few words about the performance and prospects of the 
new copies. Their defining power on the fixed lines in the solar spectrum is all that 
could be desired, being, so far as he can see, in no way inferior to the originals. In 
the third spectrum the 8000 to the circle-gratings sliow llic line between tlie l)’s, 
if the other oj^tical arrangements are suitahle. The fourth line of the group h is di- 
stinguished with'the utmost ease. Theautlior isnot sufiiciently familiar with spectro- 
scopic work to make an exact comparison, hut presumes that two prisms of 00'^ at 
least would be required to effect as much. The author is here speaking of photographs 
on worked glass. With ordinary patent plate, although veiy good results may be ob- 
tained if tested by the naked eye pnly, it is a great chance whether the magnifying- 
power of a telescope will not reveal the imperfect character of the surface. 

With direct sunlight the light is abundantly sufficient; but it is here in all 
probability that the weak point of gratings lies. It should he divstiuctly understood 
that where light is deficient gratings will not compete with prisms. There arc 
cases, however, where the scale might be turned by the opacity of all highly dis- 
persive substances to the rays under examination. "Even if glass be retained as the 
substratum, it may be used in a very thin layer, while prisms are essentially thick. 
The immense advantage of a diffraction-spectrum for the investigation of dark heat 
need not hero be insisted on. Taking all things into consideration, it is probable 
that photographed gratings will supersede prisms for some purposes, tliough 
certainly not for all. 

The specimens exhibited by Mr. Ladd are copies of two gratings by Nobort, 
each of a square inch in surface, the one containing 8000 and the other 0000 lines. 
The latter cost about £20. 
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On Atmosphenc Refraction of Inclined llctys, and on the Path of a Level Ray, 

By James Thomsoh^, LL.D., Professor of Civil Enqineering in Queen's 
College, Belfast. 

Many years ago, in considering, from a civil-enginecrlng point of view, the path 
of a level or nearly level ray of light tlirough the atmosphere, with special refer* 
ence to corrections in ohseryatioris with the levelling-instrument, the author found 
hiinselt unable to rest satisfied with the views put forward on the subject in books 
on Practical Geodesy, or in any writings with which he was acquainted. The only 
views which he then met with wore to the following effect 

The atmosphere was regarded as consisting of an iiiiinite number of infinitely thin 
horizontal lumincC, with a gradual increase of density in passing downwards through 
these lamina}, so that the density in each lamina \vould dilllu* only in an infinitmy 
small degree from that in the oiui immediately above it, or from that in the one 
immediately below it. It was then inferred that a ray of light, passing obliquely 
downwards tlirough the lamina), must, at each successive transition from one lamina 
into the denser one next below, sufitT ndraction so that its coui'se must make a less 
angle wdth a normal to the lamime in the denser lamina than it did with the same 
normal in the rarer one immediatt'ly above, and that the path of the ray must 
therefore be curved with the concave side dowmwnrds. h roin this reasoning, with- 
out noticing tliat its whole foundation, in oblique transition of the light across 
laniinje with gradual c]iang(5 of density in those successively traversed, ranishes in 
the case ol a horizontal ray, authors Jiave tacitly assumed that a ray proceeding 
through the atmo.'-phere, so as to enter a levolling-iiistrumont horizontally, should 
be expected to bo curved with its undc'rside concave. In one sense such a conclu- 
sion, in connexion wdth the mode stated in which it lias been inferred, may be 
partly justified — that is, it the consideration be that a ray coming from a consider- 
able distance so as to enter an instrument horizontally imist lia\c previously been 
descending obliqutdy tbrougb the nearly splierical levtd lamime of the air which are 
rounded in correspondence Avith the tigmre of the earth. Pays arriving level at an 
observer’s station IVom the rising or setting sun afford an instance of Avhat is here 
reterred to, and one in aaIucIi lh(' light has descended obliqmdv thi’ougdi the wdiole 
depth of the atiiiospliere. It inay readily ho admitted, fronrthe usual reasoning 
cited above, that any such ray wiil b«' curved and concave downwards at all parts 
ol its course wlieiv it is s('nsibly descending; but as the advancing rav gradually 
approaches to tlie le\el position with a gradual diminution down to cessation of 
oblique descent through the lamiinT, it might still, so far as that reasoning Avould 
indicate, lie Indd an op('ii (pieslioii whether the curvature of tlie ray AA^ould approach 
tow-avds zero, or Avlu'llu'r it Avould approach towards a maximum, or generally 
Avhat might lie tlio condition as to curvature or straightness of the ray, as the ray 
coiiK's to be level, 

The author proposed the question in IStuI to Professor Purser, of Queen’s Col- 
l('ge, Belfast; and Prol. Pursin’, on the moment, made out an analytical iiiA’estiga- 
tioii which depended on the proportionality of tlie sine of the angle of incidence to 
the sine of the angle of refraction holding good for iiilinitely thin lamina) difiering 
infinitely little in (hnisity, and holding good to the extreme case in Avhicli the ray 
becomes parallel to the lamiiac. 'riiis investigation appiaired to the author of the 
present paper to bo consistent with all physical conditions ; and he regarded it as an 
hypothesis likely to bo fully confirmed by experimental investigations, if at any 
time experiments b(‘arii]g on the subject should be found practica])le. From direct 
experiments, hoAvever, on the curvature of a ray of light in the atmosphere, no 
accurate results are to be hoped for, on account of the great and constantly varying 
disturbmiccs to Avhich the ray is subject, through changes in the distribution of beat 
and moisture in the air, and movements of its parts among one another, and other 
varying intluences. 

Prof. Purser’s investigation, which from the first lias been deemed by the author 
of the present paper to he of much interest and value, was to the following eifect, the 
question being : — 

2h find whether a rag of light passiny infnitely nearly horizontally through the 
atmosphere will he bent u'ith a fnite cwratiire, or not bent at all; ami whether the curva- 
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Fig. 1. 




tUTB a^^oaches to a maximum or to a minimum as the direction of the ray approaches 
towards horizontality. 

Conceive two laminee, Lamina 1 and Lamina 2, eacli of the thickness X. Con- 
ceive the density in each as being constant, but that there is a sudden increase of 
density in passing from the one to the other. Then 
the ray of light P A O will at A bo suddenly bent or 
deflected from its previous line. This case may bo sub- 
stituted mathematically, Avhon the laminm are taken 
infinitely thin, for what actually occurs in the atino- ^ 
sphere. — 

IS^ow in the atmosphere the deflection of the ray of a 
light in passing from the middle of one lamina to tho 
middle of the next, as from L) to hi, is evidently propro- ® 
tional to the thickness assumed for the laminre, the thickness being small. Hence, 
if we take 8 to represent the angle of dethiction at A, we must bear in mind that S oc X 
for any given angle of incidence, or that 8 must he infinitely small when tho lamina 
is infinitely thin. Let the angle of incidence T A 13= i. Then, by the ordinary law 
of refraction assumed as applicable to this case, 

sin 2 =/i sin O'— 8), 

in which g denotes the index of refraction for passage of a ray from one lamina to 
the next when tlie thickness of the lainime is X. 

Hence ;=sint cos 8 — cos i sin 5, or hy dividing by cos / , 

. 

=tan t cos 8*— sin 8. 

But 8 must be infinitely small, the laminre being infinitely tbin. Hence for infinitely 
thin laminae we have sin 8=8, and cos 8=1. Honco the previous equation becomes 


tan i 


Aani— 8, 


or 


8s= ^ ^ tan i, 


Let D E, or its equal P A, the lamium being infinitely thin, bo denoted by s. Then 
s=Xsecfi 

Let the radius of curvature of the ray of light, or the radius of tlie circle touching 
the ray in the points D and E, ho denoted by P, and tbeii we have 

Curvature = i = -^ 

It h 


Hence 

or 


C ur vature = - 

n\ 

C Lirvature = 

flA 


tan i 
sec i ^ 

sin i 


But since the curvature of the ray of light i.s independent of the small thickness 
which we may take for the infinitely thin lainime, and can only vary with tho angle 

of incidence we must have in the foregoing equation constant ; and so we 

h... 

Curvature cc slni, 


which has its maximum value when i is a right angle ; that is, when the ray is 
passing horizontally, or infinitely nearly so. 

This shows that if the ordinarily assumed law of refraction be tmly applicable to 
a ray of light passing extremely nearly horizontally through level lamina) of air of 
varying density, the, curvature of the ray of light must miproach to a maximum as 
the inclination of the ray approaches to horizontality. jFroin this, if true, the step 
is natural, or inevitable, to the conclusion that, leaving out of account the rotundity 
of the earth, and conceiving the laminae of constant density to be level planes, a ray 
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of light directed level so that if it were to traverse a straight path it would pass 
along an infinitely thin lamina of uniform density, but with less density above and 
greater below, ‘woxild he bent h\j virtue of the difference of the densities above and 
below it. 

It must, however, be admitfi'd that there is something perplexing, or not quite 
satisfactory to the mind, in taking this final step to the perfectly level ray ; for as 
soon as the inclination of the ray becomes zero the whole foundation and frame- 
work of the investigation fails, therci b'cing then no ohliqm} passage of a ray from 
one lamina into anollna*, no incident ami no refracted ray. and consequently no 
ratio of sines of angles of incidence and refraction,- t]n>ugh all tliese would be 
required to be discussed as if they existed in the case of e\eaT ray whose curvature 
is to be compared with that of any other. Still, as botli Professor Purser and the 
author tlionglit at the lime, tlie invt'stigaiion made the physical conclusion as to 
level rays seem highly probable; since, if it proves, as it seems to do, that a ray of 
light descending obliquely must move along a certain curved path, and that the 
curvature must increase as tlie inclination approaches towards horizontality, and 
also that the rate of change of curvature with change of inclination approaches 
towards zero as the inclination approaches towards horizontality, it must follow that 
a ray of light passing exactly level will bo bent with the same curvature as one in- 
finitely nearly level. 

Several years latf'r (in Februnry 1S70) a now investigation occurred to tbe author 
of the present paper. The new one is much simpler, and it is more general, and its 
reasoning holds good alike for level as for inclined rays. In fact the previous 
investigation, founded on the ratio of the sines of angles of incidence and refraction, 
and therefore in principle having no direct applicability to level ra 3 ^s, comes, when 
considered in connexion with the new one, to be a case of this more general one, 
seeing that under the undulatoyy tln^ory of light the proportionality of the sines of 
the angles of incidoiiec and refraction is not an ultimate fact or principle, but a 
consequence of retardation of the velocity of light in the denser medium. In the 
new investigation which will now bo sutunilfi'd the retardation of the velocity of 
light in the denser medium is taken as the basis of the reasoning. 

Let M N and O P be two level surfaces in the atmosphere, and let each of these 
be supposed to pass through air of uniform density throughout each of them. They 
may be conceived to be at a very small distance apart, 
and then obviously a ray in descending obliquely irom 
one to the other will alter its curvature onl}^ by a very 
slight amount. 

The fundamental assumptions on which the investi- 
gation will be based arc the following three 

(1) It is assunu'd that the light at A has a certain 
velocity, which maybe called /\,and that tho light at P, 
where the air is denser, has a smaller velocity, which 
may be called 

(2) It is assumed that those velocities are constant 
for all inclinations of the ray of light ; or, in other words, 
that the velocity of tho ray of light is independent of the 
inclination of the ray to the horizontal strata of the air. 

(d) It is assumed that tho direc-tion of the light is per- 
pendicular to tho wave front, or that a surface tulvon 
crossing every ray in a pencil of ray.s perpendicularly, 
and then conceived to advance along the cours(i of each 
ray with the V(docity of that ray, wfill continue to cross 
every ray perpendicularly. 

Now let A P and 0 D bo two snccosdvo positions, indefiuiltdy near to each other, 
of the advancing froiit of a ray or pencil of light whose direction of advance is in- 
dicated by the hues EA and Eli, and by tlie arrows H in tho iigure, tho direction 
at all points of AP being normal to the plane represented by AP. Let the incli- 
nation of AP to tho vertical lino PlI bo denoted by whieli will then also denote 
the inclination of the ray to the horizon. Let the thickness of tho lamina of air 
from M N to 0 P be denoted by X, ox let B II in the figure be denoted by X, 


Fig. 2. 
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The lengths A C and B D have to one another the same ratio as the velocities of 
light at A and B respectively ; or 

A 0 : B I) : : : 1 ) 2 . 

If A B and C D be produced till they meet in G, the length G A is the radius of 
curvature of the ray at A. Let this radius be denoted by r. Then, since A B is 
5 = X seed, we have obviously 

^1 ~ ^2 • ’b • • X sec d : r. 

Hence curvature or L = ^ 7“ ^' 2 , cos d, 

r «\X 

or curvature oc cos d; which shows that the curvature is a maximuni when d = 0, 
that is, when the ray is level, and that the curvature diminishes to zero as the ray 
becomes vertical. 

The residt here brought out, I = ^ cos d, 

r 

is perfectly in agreement with that arrived at in the previous investigation of Prof. 
Purser, namely - = sin /, seeing that sin i is =cosd, and that, according to 
the undulatory theory of light as confirmed by experimental proofs, it is known 
that x\ : t ’2 : : /t : 1, so thatl^-Tll? must be equal to - — Tlic new method has 

however, the advantage of quite clearing away the perplexity involv(Hl in the other 
by the collapse of the reasoning when brought to the extreme case of the level ray. 
In the new method no such collapse occurs ; and, in fact, the new method shows 
clearly how the real fundamental principle (that of retardjition of velocity in the 
denser medium, on which the bending depends, and which holds gootl quite as mucli 
for level rays as for any others) is allowed in the previous investigation gradually to 
fade out of the reasoning, till, in the case of the level ray, it has absolutely vanished 
from the conditions which were taken into account. Tlie previous metliod, like the 
modes of considering the subject of atmospheric bending of rays which appear to 
have been most generally entertained hitherto, took a consequenci' of the important 
fundamental principle into account instead of the principle itself (that consequence 
being the proportionality of siincs of angles of incideiici^ and refraction in esuse of 
oblique transition of light from one laminate another of diilerent density) ; but that 
consequence happens to be not so general as the principle from which it follows, and 
to be one which hecomos nugatory or non-(‘xisteiit in the case of the level ray. 

In concluding, the author wishes to state that it seemed to him rather unlikely 
that so simple a view of the innuence of the atmosphere in cilecting the bending of 
rays of light as that which he has now ollered could hii quite new. He thought 
that others better acquainted with the science of light than he is must most probably 
have entertained the same or similar views. He has therefore made inquiries as to 
the views which have liitlierto been put forward regarding the bending of light in 
the atmosphere and in other mediums of coutimiously variable index of refraction, 
or, as they may be better considered in the present investigation, mediums 
of continuously varying light-velocity*. JMuch lias been written on the sub- 
ject in general, and on various particular cases of its application; and views 
very similar in principle with those here ollered appear in various ways to 
have been entertained, or implied more or less explicitly ; but he has not learned 
of anything having been taught which lias anticipated the treatment of the subject 
at present ollered so as to deprive it altogether of novelty and interest. The subject, 
he believes, has been very generally considered under imperfect view's ; and he will 
think a good result will have ensued if his drawdiig the attention of the British 
Association to it will serve to elicit from others notice of the best view's that have 
hitherto either been fully publislied, or have been entertained or discussed without 
complete publication. 

Postscript. — From Professor Clerk Maxwell I have learned that, in Pecemher 
18/51 or 18*32, when on a visit to my brother, Sir William Thomson, he had in his 

* i might be called the index of light- velocity. 
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mind llie consideration of tlie path of rays in a medium of continuously variable 
index of refraction ; that he then thought it easiest to calculate the path of the 
ray by translating the problem into the emission theory, and treating the ray as a 
moving body acted on by a force depending on the variation of the index of refrac- 
tion, and so proceeding by an artilice justitiable on the ground tlial tlie emission 
and undulation theories are mutually equivalent in iM'spect to the course of rays 
when the proper alterations of the hypotlieses are made ; and that my brother 
showed him, on the other hand, how easy it is to begin with the right hypothesis 
by malving the velocity inversely proportional to //, and calculating the change of 
wave-front. 

IVofessor Maxwell, in IHo.'l, sent to the ^Cambridge and Dublin ^[atheniatical 
Journal’ a problem about the path of a I’ay in a medium in which 


where and a are constant, and r is the distance from a fixed point. Bncli rays, 
he points out, move in circh's. This probhen, he mentions, was intended to illus- 
trate the fact tliat the principal focal length of tin* crystalline Lmis of tlie. eye is 
very much shorter than aniitomists calcnhite it, from tlui ciirv'atnve of its surface and 
the index of refraetion of its substance'. The reason, he .sliows, is the increa'^e of 
density towards the centre of the leas, so tliat the rays pass nearly t ingerilially 
through a place where the density is varying. Also, in the (himbridge Examina- 
tions for 1870, Prof. Maxwell set a question about the conditions of a Iiori>5ontal 
ray of light having a greater curvature than that of the. earth. A great deal, he 
says, has been written about atmospheric refraction bvBessi'l, (Jlairant, and others ; 
and a question has been set on it in January of every year at Cambridge for .several 
years ba(ik, so that the subject has been much discussed in various ways ; but, bo 
says, the mode of treatment of the subject in the pre.sent paper does not seem to 
have been anticipated. — J. Thomson. 


On a Phenomenon connected with Diffraction, By T. OoierAVard, J/.Z). O.von, 

The author has observed that when he stand.s at sunset on a hill at such a dis- 
tance from another hill that his shadow reaches its vanisliinu'-point before arriving 
at it, instead of a .shadow there is didLi-sod light, due to diHVaction, more or less in 
e.xteiit ill proportion to the distance*, and that this llglit does not disappear until 
the observer has descended 122° into the shadow of the hill. He throws out lli(3 
supposition that the bright sky 22° round the sun has a siiuihir power to produce 
(litfraction, and asks whether the sun’s corona can he merely tliis dilfracted light, 
and suggests that during the progress of an annular eclipse the unshadowed portions 
of the earth ought to receive an extra portion of light from the dilfracted light sur- 
rounding the shadow of the moon. 


On the Im^^ortunce of the S((lts of Vranlnm la Photograjyhy, 

By Colonc'l Stvakt Wok rr. icy. 

The gToat advantage of ohlainiiig photographic negatives by means of a .sensitivti 
ennilsioii in lieu of n.'^ing the collodion and bulb separa1el\ is beginning to be gene- 
rally recognized by tliose who take an intere.st in tin* udvaiiee of seit'ntilic photo- 
graphy. The advantages obtained by this met hod of working are, lirst, that tlie 
condition of one sub^tanee alone, ^i/. the seii'^itivo eiuuDioii, Inis to be considered ; 
and, secondly, tliat a greatc'i* degree of scnsili^ eiie.-s can be obtained than by the 
bath proce.ss. 

In Oidt'i’ to obtain this exalted degree of sensitiveness witli an emulsion it is ne- 
ces^arv, after tlu^ formation of a certain amount of bromide of silver, to saturate tlie 
emulsion witli as inueli free nitrate of siher as it will hold in solution. This priii- 
ciph* has been recognized liy all the mo.st advanced workers since the author lirst drew 
attention to such conditions beiim* reipiired in a paper read before the London 
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PhotoprapLic Society in Juno of last year. But one difficulty opposed itself to the 
obtaining of good results with certainty — the difficulty of controlling the excess of 
nitrate of silver from lapsing into an over-sensitive state, and thus causing what in 
photographic is called “fog.” 

To remedy this state of things, and to have the power of producing a sensitive 
emulsion that shall keep for months in perfect working order, by adding something 
to tlie emulsion that shall exercise a controlling power over the free nitrate of silver, 
was the problem which the author set himself to work out, and he has been fortu- 
nate enough to achieve a complete success. 

The author had been familiar with the fact that a mixture of the nitrates of silver 
and uranium in solution would retain for years their sensitiveness to light without 
theirgood qualities being in any way impaired; and it occuiTed to him that the addition 
of the nitrate of another metal to that of silver in the sensitive bromi/A'd emulsion 
would giv(^ ns the power wliieli we wanted of bcung able to luM'p a largo excess of 
nitrate of silver from the dcM'omposiliou wliieli aptjurcntly resulted in fog. 

In order to make an emulsion collodion \eliieh shall liavo an exalted sensitiveness, 
and which shall retain all its oxeollencies uiiinii>airt‘d for months, the author has, 
after forming therein a certain amount of bromide of siher, add the nitrates of sih'er 
and uranium together to the emulsion in certain definite proportions. Tlie result 
is the formation of a highly sensitive mixture in whieh no change whatev(‘r occurs 
for a period of certainly tliree months ; and this result cannot be obtained by any 
means other, so far as lie is aware, than by the addition of the nitr<ate of anotlicr 
metal. The author has tried various other nitrates with pc'rfect success, but has 
selected and recommended the nitrate of ur,anium as having, on the whole, gveater 
advantages than any other nitrate with which he is acquainted. 

This sensitive (miulsion is also of very great value for the preparation of sensitivo 
photogi'aphiclilms to be \ised in a dry statiu These lilms, prepared with a collodion 
containing bromide and excess of nitrate of silver (the latter Ixung controlled by 
the presence of nitrati' of iirniiium), can now bo prepared witli eertaiuty to have a 
sensitiveness equal to the best wet collodion .sensitized in a bath ; and the use of 
nitrate of uranium giv('s them the extraordinary advantage of retaining their ox- 
(juisito sj'nsitivenos.s unimpaired for any reasonafcle time ; and tlnw will bear after 
light has impressed a picture upon them the delay of months previous to the deve- 
lopment of the invisible impression. 

It is with the special object of pointing out how important to the caiiso 
of science in distant lands such photogTaplnc dry plates may become that the 
author introduced the subject, as he cannot but feed tliat if naturalists, geo- 
logists, and botanists in distant lands can secure r(*eords from day to day on sensi- 
tive photogTaphic plates which need not he developcal till they return'from their 
expedition, a new power will be placed in the hands of scii'iitific trax ellers of which, 
he thinks, they will not be sloxv to avail themselves. 

The author is enabled to speak with great confidence on tliis point, having himself 
exposed some of these sonsitixo dry lilms in the beginning of May of this year, and 
xvhicli have only now (the middle of August) had the latent image developed, 
and that without any deterioration xvhalovc'r. 

As, moreover, dry lilms prepared according to tho manner the anther has indicated 
appear to be entirely unallected by gr(‘at heat, they will ho of value in explorations 
in tropical countries, wliere any other known method of photography would be 'a 
great difficulty, if not a real impossibility. 


On the Velocity of TAyht in the Chemical Elements^ and on their Cry^taUine 
Form, By Ch. Y. Zexger, Professor in the Polytechnic School in Prague, 

The theory of vibratory motion is in strict accord with experiment in the case 
of sound and its propagation. It was from the analogy between light and sound that 
physicists ascribed the same laws of motion to both, representing their velocities 
py the same equation, 

t=\/ 

d 
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e being the elasticity and d the density of luminous ether ; but there were no 
means of giving a physical and numerical interpretation of the elasticity and density 
of ether in certain refracting media. 

The index of refraction w is, according to the law of Brewster, equal to the tan- 
gent of the angle of polarization-maximum /3 ; hence 

tan 

e 

Conceiving the luminous phenomena as produced by molecular vibrations, the 
density of the luminous ether must bo represented by the density or distance of 
atoms (r), or be a function of it, viz. 

c/=/(r). 

It is a fact, confirmed by various experiments, that by meclianical pressure, by 
unequal beating, a?id by other means augmenting or diininisliirig the distance of 
atoms, the velocity of light undergoes a sensible change, isotropical refractive media 
becoming even doubly refracting. This confirms the supposition that the velocity 
of light is in connexion with tlie atomic distances. 

It is obvious that there can be no great ditFerence of (dasticity in the case of a more 
rapid vibratmy motion than heat is; and if we suppose the elasticity of atoms to be 
the same in both (;ases for the propagation of light and heat, there' can be no essential 
error in that hypothesis as to the valiu; or amount of (*lasti(*ity . Supposing, therefore, 
elasticity of atoms to be proportional to, or identical with, tiiespeciiic heat for light 
and heat, we get 

s 

wliero s denotes the specific heat of the chemical element, e the velocity, and n the 
index ofrofraetion of light. 

As to the form of tlic function r, the simplest supposition may be tried ; putting 
therefore 

/('•)='•, 

wo have to try the accordance of that supposition with the data of observation in 
the equation 



According to the law of Dulong and Petit, the product of atomic weight m and of 
specific heat s is a constant, 

?ns = C, 

Hence we get, if xv denotes the specific weight, 

1 

M = - = 1, 

or 1 

n= =C/ . — r. 

V 

The specific heats and densities of chemical elements are referred to water as unit, 
but the atomic weight w commonly to hydrogen as unit. 

Dividing, therefore, the atomic ■weight by the weight of water, 110=9, it ig 
brought to the same unit as the specific heat and the specific weight tc. 

We obtain thus 

Cw* 

(Ow)i’ 

log w=log C-f log ?t’“-log 0), 

log n = 0*5795202 — 1-hJ log J log w, 

5 ^ 
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If the crystalline system is not regular, ns in case of sulphur, the density must bo 
different in the direction of three axes, and may be calculated by tbe proportion, 




a, y being the indices of refraction, d^, d^ the densities in the direction of the 
optical axis* 

Table of Indices of Refraction of Elements. 


Phosphorus 

Sulphur 

Diamond 

Graphite 

Silicium diamond." 

Boron diamonds | 

Mercury 

Silver . . * 

Gold 

Copper 

Zinc 


Observed. 


2-1050 

2-22145 

2-115 

2-400(52 

2-51125 

2- 04 
1 2 44 

0 - 7:10 

As (krboii- 
diamond 
( WoMcv), 

\ I 

14-053 ( 

3- 0808 


Calculated. 




2-5205 
1 3 0045 [ 
2-8050 j 


2-1305 

2-1404 

2-5(;20 

2- 2770 

3- 0000 

2- 514() 

5-20045 

3- (5027 
4 0450 
2-G414 

2-7833 


Anp-le of Pol. Max. 


Observed. 


07 30 
G3 45 

68 1 
67 30 

05 5(3 


70 18-5 
74 40 


()8 24 
71 51 


Calculated. 


64 55 
04 57 

68 40 
00 13 


70 20 

74 43 
78 34 
00 1 (> 

70 14 


Crystalline Forms of Elenient.s. 



Observed. 

Calculated. 

Observed. 

Calculated. 

Bismuth 

87 40 

o t 

88 7-0 

1 : ] •.‘iOd-j 

1 ; l-.fLW 

Antimony 

Tellurium 

87 .35 

i 80 57-3 

, 1 : 1 -3,008 

1 : 1 -.3.327 

80 57 

87 120 

1 : 1 -3208 

1 : l-:3202 

Arsenic 

85 4 

84 30-0 

1 : 1 -4025 

1 : 1-4403 

Sulphur 

100 58 

107 44-0 j 


1-21 ; 1 : 0-02 


Heat. 

on (t Condition ajfectimj the Bphcvoklal State of Liquids^ and its prohahJe 
effect on ceHain BoUer-ExpJoslons, Bij W. E, Barkett, 


On the General Oceanic Thermal Circulation, 

Bij WiELTAM B. Carpotrr, MJ)., LL.D^, F.B.S, 

The object of this communication was to bring under discussion the rjiu stlon 
■whether the dilFerencc of Temperature l>et\veen Polar and l^irpiatoriul Seas con- 
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stitutes a vora rausa aclequato to maintain the Vertical Circulation advocated hy the 
Author. The of the ca?e, as determined by recent Deep-sea Temperature 
observ al ions, made for the most part with Tlieriiionieters protected against pressure, 
are as follows 

1. In high Northern LatitiidcM th<‘ teinperutiire of tlio surface of the Sea, near the 
border of the loc-baiThu’, is hut little abo\e R ; and at* small depths below the 
surface, according to the recent observations of Payer and Wevprecht, it falls below 
32°. Making allowance for the knoAvn intliience of pressure upon the thermometer 
with which temperature-ohs(‘r/ations at groat depths have be(*ii made in these 
regions, there is every reason to believ(‘ that — save in cases in 'which the tempera- 
ture of the npp(»r stratum may be modilied by local caiise.s — there is a progressive 
descent from 32° to 20° or even lower ; m> that tlni average temperature of the entire 
column of Polar Water may he ccuisidered to he not above) 30"^. 

2. In lower Latitudes the temperature of the surface of tlio Sea is greatly influ- 
en<*ed by Solar radiation ; but the superheatinff thus produced does not gfmerally 
extend in a marked degret' much below 100 fathoms. Heneath tliis is.a stratum of 
which the temptu'ature may be said to range from about 52° to 45° in all but the 
highest Latitudes; hut the depth of this v‘^tratum \aries considerably, being about 
400 fathoms ikniv the Faroe JJanks, about 700 fathoms olf the coast of Portugal, 
and 1000 or 1200 fathoms nearer the h’quator. 

3. Dcuieath tliis stratum is a “stratum of intennixtnre/’ in which the Thermo- 
meter falls rapidly, — sometimes as much as 10° in 200 fathoms ; and below this the 
temperature again beconu's more uniform, .Mukiug \erv gradually from olP or 38° to 
35^ or even to 32°, at depths of more than 2000 fatlioiiis, (‘\en under tin' Equator. 

4. Thus the Iiilerlropical column may be regarded as consisting of; — (1 ) a siqnr- 
heated strut a nu of which tlu' temperatiiro rangt'S from 81^ at the surface to 52° at 
200 fathoms; (2) an upper frar)a stratum of (i^ay) 1000 fathoms depth, of whicli 
the temperaturt' ranges from 52° to 15^ ; (♦») a stratum of uifvrmixture of about 2C0 
fathoms depth, in which the tlierniometer falls from 45° to 30° ; and (4) of a cold 
stratum f occupying the whole of the deiqier portion of the great Oceanic basins 
beneath 1400 fathoms, its temporalure falling ilh increase of depth, so that in its 
de(‘pest portion the thermometer has ])een seen as low as 32 \ The average of the 
entire column may tluis be about 45°. 

Now as <S'ert-water progressively diminishes in bulk and iiicrea-'os in specific 
gravity down to its fret‘zing-point,* it is maintained by the Author that, supposing 
tlie Polar and Intevtropieal columns to lx* equal in height, the excess of weight in 
the former will produce a lateral pressure at its lower portion, which will occasion 
an outflow of Polar Water along the floor of the ocean towards the Equator; this 
deep outflow, by lowering the .surface, will prodius* an indraught of water into the 
Polar area, which, in its turn, will acquire by cooling the same excess of Specific 
(iravity, thus producing a continual dou mrard moveiiu'iit; whilst, on the other 
liand, the cold outflow, bidng subject to the lieating influence of the crust of the 
Earth beneath and of the warmer water above, ^^illbe gradually thinned ns it 
passes towards the Equator, so as to lie at a greater and greater depth beneath the 
surface. As the continual deep outflow of Polar Water will produce a superficial 
indraiiglit into the Polar area, and must ultimately del•i^e its supply from the sur- 
face of the Intertropieal sea, there will be a continual movement of the tqyper 
stratum from tlie Intertropieal towards the Polar area ; and as the last-arrived 
Polar Water will always he colder than that which preceded it, the former will 
take its plac(‘ beneath tlie latter, .so that there will he a conliiuial upicord movement 
of the water in the Intertropieal area. Of this upward movenieiit of colder water 
from below, a very curiou.s indication lia.s lately been obtained in the fact that off 
the West Coast of Africa the temperature of the Sea at 200 fathoms is about 6® 
lower over a bottom deep enough to be covered by the Polar outflow, than it is 
over a bottom of only 700 or 800 fathoms depth. 

The doctrine of Vertical Circulation advocated by the Author was long since 
suggested by Pouillet as the best explanation of the facts then known in regard to 
Ocean-temperature ; but was put aside through the general acceptance of the doc- 
trine of a uniform Deep-sea teumerature of 39^^ F., which was supposed to have 
been established by Sir James Koss’s observations, and which was adopted and 
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promulgated by Sir John Herschel. The corrections supplied by more recent and 
trustworthy observations have afforded a new set of data ; on the basis of which it 
has been argued by the Author that such a Circulation must necessarily take place 
under the conditions above specified^ and that it gives an adequate scientific ratio- 
nale for the facts determined by observation. 

This view, however, though accepted by Sir John Herschel shortly before his 
death, has been contested by Mr. James Croll; but his argument is directed, 
not against the doctrine advocated by the Author, but against a doctrine set up by 
himself. Instead of regarding the level of the Polar and Equatorial columns as the 
same, and considering what will be the effect of their difference of gravity, he 
estimates the difference of level which would be produced by the elevation of the 
average temperature of a column of Polar water to the average temperature of a 
column of Equatorial water of the same height, and then calculates on this basis 
the gmdient which the surface of the sea would possess along the quadrant. This 
gradient being far smaller than that which experiment has shown to be necessary 
to produce & sensible Jloiv of water over a solid surface, it is assumed by Mr. Croll 
that this difference of level will be constantly maintained, and that tlie weights of 
the two columns will remain equal ; so tliat there will be no such disturbance of 
equilibrium by the constantly renewed action of Polar Cold, as the Author has 
maintained. 

But it appears to him that Mr. Croll, (1) in assuming that such a difference of 
level will constantly persist, disregards that fundamental principle of Physics which 
teaches that fluids will always tend to uniformity of level ; and that (2) in relying 
upon experiments which relate to the movement of Water o\ ex solid surfaces 
commits the grave error of ignoring the fact that, as shown in the semidiurnal 

E assage of the Tide-wave, sensible movements of water upon water are producible 
y a force that bears a far smaller proportion to that of Cravity than that which is 
assumed by him to be requisite. On the other litiiid, Mr. Croll does not attempt 
to show how the almost Polar coldness of the Deep-Sea bottom, even under the 
Equator, can be constantly maintained, except by a continual flow of Polar water 
from the Polar to the Equatorial area ; nor does he show how it happens that a 
disturbance of Thermal Equilibrium which must be constantly undergoing renewal 
can be without its effect in producing such a continual movement of Ocean-Water 
as takes place in all collections of fluid that are umjqnally heated. The primum 
mobile of the Circulation advocated by the Author is Cold, whicli, wh(ui applied to 
the surface, se'ems to him precisely the equivalent of Heat applied to the bottom , — 
as in the ordinary npparatns fur warming buildings by hot water. 

If Cohl were continuously applied to a portion of the surface of any collection 
of Water, however large, and the liquid were not warmed again elsewhere, either 
by conduction or radiation, the effect of such Cold would be to produce movements in 
the liquid, by which the whole of it Avouldl')e at last reduced to a Um uniform tempe- 
rature', when all movement would cease. But if, while Cold is continuously applied 
at one part, fleat is continuously applis d at anotlier, it is submitted that a A'ertical 
Circulation must b(; produced, which Avill be kept up as long as these antagonistic 
conditions are maintained. 

The Author, not claiming more for himself than the ability to apply the Elemen- 
tary principles of Physics under the guidance of Educat'd (h)mm()n Sense, submits 
the foregoing to the consideration of the distinguished Mathematicians and Phj^si- 
cists of Section A; who are niu(;h better judges than ho can he of the soundness of 
his views, and of the validity of the objections raised by Mr. Croll. 


On Recent Estimates of Solar Temperature, By James Dewar, FJi.S.E, 

After referring to the recent discussion on the temperature of the sun, in which 
Secchi, Zollner, Vicare, Deville, and Ericsson have taken part, the author proceeds 
to group all the known methods of arriving at a knowledge of high temperatures 
under emht different processes. The following Table gives the names of the phy- 
sicists vmo have specially employed each process, together with the principle on 
which it is founded 
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(1) Guyton and Daniell, Prinsep, &c. — ^Expansion of Solids and Gases. 

(2) Draper. — Retrangibility of Light. 

(3) Clement and Deaurmes, Deville. — Specific Heat. 

(4) Becqiierel, Siemens. — Tliermo-electrici^ and Electric Conductivity’. 

(5) Bunsen, Ziillner. — Explosive Power of Gases. 

(fi) Newton, Waterston, Ericsson, Secchi. — Radiation. 

(7) Thomson, Helmholtz. — Mechanical Equivalent of Heat. 

(8) Deville Debray. — Dissociation. 

After treating of the groat disparity of opinion regarding the temperature of the 
sun, the author proceeds to detail how it is possible, frtjin the known luminous 
intensity of the sun, to derive a new estimate of solar t(miperature. This calculation 
is bastid on a definite law relating to temperature and luminosity in the case of solids, 
viz. the total luminous intensity is a parabolic function of the temperature above 
that temperature where all kinds of luminous rays occur ; so that it*T is a eertain 
initial temperature, and I its luminous intensity, « a certain incremoiit of temperature, 
then we have the following relation : — 

T+w («)=/**!. 

The temperature T is sohi<*h ns to include all kinds of liiiuinous rays. viz. C., 
and the increment a is 4()'’ C. This formula expresst's well tlie results of Draper, 
and his iiumhors are used as a first a]>])roxiiiiation. It results from the above 
equation lliai, at a temperature of 2100' C., tlui total luminous intensity will b(? 900 
times that wliieh it was at I037‘'^ C. Now the temperature of the oxyliydrogen 
llame does not exceed 2 tOO' 0., and we know from Fizeau and Foucault's experiments 
that sunlight has loO times tlie luminous intensity ol the lime-light ; so that wo 
only refpiire to calculate at what ttnnperaturo this intensity is reached in ordi'r to 
get the solar temperature. This temperature is lOOOO^ (\, in round numbers. 
Enormously liigh icmpt'ratures are not required, tlnu’etbre, to prodiiCi* great luminous 
intensities, and the temperature of the suii need not, at least, excM'ed the above 
numbtu*. Sir William Thomson, in his e<‘lebrated article, On tlie Age of tlie Sun’s 
Heat,” says, !t is almost certain that tlie sun’s nii‘an lemperatun* is cAeii now as 
higli as 1*4000° (k ; ” and this is the estimate with whicii the luminous inten'^ity 
calculation agrees well, 


On the Tanjierdtiar af the Ehefric Bfj Jam ns Dhwak, FM.S.E, 

The author begins this paper by calculating the liigliest hypothetical tempera- 
ture that could be jiroiluced l)y tli(‘ elieinical combination of the most energetic 
elements if all llie heal t'\ oh ed could b(* ihrov/ii intt> the product. This would 
not exceed lOoOO ' in the raise of silica, and loO(K)° 0, in the oxides of alu- 
ininiiim and magiie>inni ; and these are the liiglie^it results. Tin* c.^timatioii of tho 
temperature of the electric spark is ba'^ed on the tln rniaM alue of each spark, 
together with the volume of the same. The methods of observing tliese qmuitities 
are fully detailed in the memoir, 'fho general n\snlt may he stated thus, the tem- 
perature of the electric spark used in the experiments ranged between 10000° C. 
and 15000^ U. 


On the Stresses produced hi an Elastic Solid hy Ineqiial itics of Temperature, 
By J. Hopkixson, D , Si \' 

Since the equations of equilibrium and the equations connecting strains and 
stresses in an elastic solid are both linear, tho prineiph* of superposition holds; and 
we may consider the ell’ect of each cause tending to products stress as if none other 
existed, and dually add tho result of the separate causes to obtain the etlect of all 
acting together. 

It is found that the effect of unequal heating is to subtract from the components of 

lateral force X, Y, Z, at any point, terms y%,y where y is a constant 

ujc ay * 
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and r is the teiiiperaturo, and consequently that in the case of equilibrium of tcin- 
peraturC; e. where v“V=0; tlie known results, 

\;^n = 0j 


where ^ is the dilation at any point, p the density, and u the displacement parallel 
to the axis of are still true ^ in fact r appears as part of the potential of external 
forces. 

In the case of a spherical shell, the interior of which is maintained at one con- 
stant temperature and the exterior at another, it is found that the stresses are 
independent of the thickness of the envelope, and that tlu' p:reater liability of thick 
vessels to break where the temperature is maintained diderent in the two surfaces 
is due to the fact that the thickness of the vessel makes it possible to maintain a 
greater difference hotwc'xm the surfaces, whilst the general temperatures of tlie 
media within and without remain the same as for tlio thin vessel. In fact the 
greater safety of a thin vessel lies in its gn.'ater condiicting-power, and not in tlie 
mechanical properties of its form. 

The principle of superposition may bo applied by integration to the case of tbo 
solidification of a fluid spluTo in shells beginning at the outside, the effect of the 
solidification of each inlinitely thin shell being calculated, and the strains produced 
by each added together as ail integral. 


ElECTUTCITY and MAGNKTJS^r. 

On Douhh Neutral Pohils hi Thermoelectric Gurrenis, 
By Prof. P. G. Tait, 


On the Use of Eleeiromaejnetlc instead of Elecfrostaiie Induction in Cahle^ 

Siejnalliny. By G, K. Winter, Teleyraydi Enylneer^ Madras 

liailway. 

The experiments on this subject were made by the author in ignorance of the 
contents of Mr. Varle\’s sp(!eiHcation of 1HG2. The sending-apparatus being the 
same as that now in use, the currents from the cable were made to pass through a 
long, fine, primary wire of an induction-coil, and the induced currents in the 
secondary wire were us(>d fur working the receiving-instrument. In long siih- 
marino cables the receiviiig-instrument was a Thomson’s gahai nometer ; but the 
siphon recorder might also he used. The signals obtained in this way were 
steadier, and the elements of the h'tters more distinctly formed than with the 
condenser or electrostatic method. Gn short submarine cables and land-lines, 
on which Morse’s instruments are used, this method, though requiring more battery- 
power than that now in use, and necessitating the use of a polarized relay, would 
almost entirely prevent the delays cau'^ed by earth-currents during magnetic storms ; 
and on long cables this method, while, equally with the condenser method, render- 
ing earth-currents harmless as far as signalling is concerned, would, besides, cause 
the cable to be only dynamically instead of statically charged by them, and the 
danger of damage to the insulator to be at least halved there.by. 

Since the paper was read, the author has been informed by Mr. C. F. Varley 
that the induction-coil was tried by Jiim as ('arly as IHGl , on the Jlunwich and Zan- 
voort cable. In 18(32 he tried it on the Dunwich and Zanvoort and the Lowestoft 
and Zanvoort cables, in one circuit of about 1000 nauls; also in 1805 upon the 
Atlantic cable, on board the ^ Great Eastern,’ besides many times on his artificial 
cable. 
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Meteorology. 


On Gveelc Mdeorolofjif, By the Rev. H. A. Boys, 

AlhenSy the only place in Greece where, to the best of the author’s knowledge, a 
meteorological register is regularly k(‘pt, is ))yno means a representative station, being 
more bracing and dry, hotter in summer, colder iii wintt'r tliaii any other nlaee at 
tlui same ele\ ation in the kingdom. Patras, where the author, under consideraolediffi- 
cullii‘S, has with tolerable regularity for nearly two years conducted observations of 
tempiTat lire, rainfall, barometer, hygrometer, wind, clouds, and earthquakes, lies on 
the shore of a gulf open to the west, and more or less shut in by mountains on the 
remaining sides. Its climate is mihl, soft, and relaxing, cooler in summer, hotter 
in winter than Athens. Standing just to one side of the draught through the nar- 
row entrance of tlie Gulf of (V:)riiitli, it has little variety in the direction of the 
Avinds, Avliich nearly ahvavs turn th(‘ weathercocks E. or W. 

lint of those Avinds whose direction is mov(‘. or lef^s 1C., there are three distinct 
kinds: — Firat, a real X.hk, a\ liich hloAvs in earl\ spring and in .'^iimmer for ten or eA'en 
tiftemi days togetlior, <lropping at night, aa hieli brings brill iai it ly clear, dry, cold 
Aveather in February and March, and briliianlly <*l(uir, dry, hot Aveather in the sum- 
mer time; it covers the pools with a him of ice in winter, and makes even A\^ell- 
scasoned AViiod Avarp and craclv in .-^1111111101’. Srrondy an apparently E. Avind, which 
originally proce('ds from Africa, and blow.s occasionally from October to June in 
gales Avbieli continue 70 or 80 hours ; it is charged Avith impalp.alile sand, hiding 
the sun behind a grey haze, is very violent and hoi, and jianifully dry, bringing 
temperatiirt) up to 77^ ev(‘n in March. Thirdy a local Aviiid otl* a mountain near the 
toAvn, which sweeps doAvn, at night usually, in brief and furious squalls. 

The Siroccoy aAvarin, damp, S. orS.W.Avind, brings heavy autumn and Avinter rains. 

'The Ji''. tvindy AA'hich divides Avith tliat first immtioned the greatcu’ part of the year, 
is not remarkuhlo in any AA^aA', hut brings betnitiful Aveather at almost any time. 

The Midralvy a fresh*N.\V^. wind, blows in the summer time after rain in the 
Adriatic, bringing coolness and moisture avIkui most needed. 

Itainffdl. — That in Patras dilliu’s very much from that in Athens, Patras having 
by a great deal the larger quantity ; an<l the times at Avhich the rain falls in the 
two places liaA'e no more tlian a very general agreement. It is best to consider the 
year’s rain from Julj^ to June, and so to avoi<l cutting the rainy season in tAvo, as 
would be done by dividing the year between December and January. 

It i.s hazardous to attempt general rules from only two years’ experience ; but the 
author believes the folloAving Avill usually hold good : — 

July. No rain. 

Auyud. A few light sliowens; perhaps a heavy one. 

September. At lea.-t one lu'avy tliiinder-.storm. 

For th(‘ next four moiith.s frecpiont thunder-storms Avilh lieavA' rain. 

A spell of line AAX'ather in February and March, followed li v unsettled Aveather, AAUtli 
light rains, until the mid of A])ril, after Avhich et)ntimioiis lim^ Aveather may be ex- 
pected, relieved rather than interrupted ))va fi‘w .--hort thong li perhaps heavyshoAvers. 

In tin* Avettest months a long-continued diizzlv rain is a 1 are occurrence ; it comes 
generally in short heavy showers, between AAdiich the sun shines brightly, and tho 
roads, AAdiero good, dry up directly. 

Tvmpcmtw'c . — The aiitlior is inclined to estimate tho average maxima and minima 
for the several montlis as folUnv.s: — 



l.-l i I 

' I 

. . 

I 5 '-o , Ci- >.2 ! 3 
1*^ jl“5 


O I o , 

.Ml Ml 


I 


I Average shade, maximum (Fahr.) |50j5t),()0,b8|70 83 DO 

„ „ minimum |40_4044jr)0j5()t>2G9 


;8Di80 


68 


62 


72|60 57' 
555042' 


54 


aEPOKT — 1872. 




1870. 

1871. 
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Ice is rarely seen in Patras, and snow very seldom. Geraniums continue to 
flower all the winter. But all the winter there is an horizon of snow-capped 
mountain to the E. half of the compass, which snow is not entirely g-one in the 
middle of July. The heat is great in July and August; last summer there wtire 
twenty days running when the maximum w’as never less than 90'^ nor the miiiimuiu 
than 70^. For further particulars see Tables. 

Clouds . — In tho year 1871 there were 
29 days on which no clouds of any sort were seen. 

119 ,, „ no clouds wore seen excepting those which clung about the 

mountains — days, that is, of uninterrupted sunshine. 

182 „ ,, clouds were seen in the sky, most of which would be counted 

as decidi‘dly fine da\s in England. 

41 ,, „ tho sky was entirely overcloudi'd, so that no blue sky was 

seen all day long. Tliirl v-five of these were in January, 
Febriiiiry, T^ovember, and December. 

The ertnmc clearness o/ the atmosphere deserves attention. A mountain in the 
island of Cephalonia, 5.‘i00 feet high, forms the western hoi-izon, and is visible 
certainly half tho days of the year. So is the Parnassidi rang(‘ (8000 feet), distant 
forty miles; and this, wlnm wliite Avith snow, is disc(‘rned by moonlight. The 
nearer mountains, ten, fifteen, and twenty mih's away, are freciueiitly quite distinctly 
seen by moonlight Avitliout the aid of snow. 

Earthquakes ani di'^agreeably common. The autlvor has felt about thirty himself, 
none of Avhich have done mort* serious dajuage tlian to bringdown Ibdves of plaster. 
Patras was once entireh" destroyed, 540 a.d ; but since then the severe shocks 
have been confim'd to the shores of the Gulf of Corinth and to the islands of Zaiite, 
Cenhalonia, Ithaea, and Leuendia. 

The author has seen two brilliant Aruou.vs (October 25, 1870, and February 4, 
1872), both of a dt‘cp red colour. 


Oil the Advantages of hecpiiuj lleeords of Phi/sical Phenomena connected with 
Thunder-storms, Jhj AV. de Fonyielle. 

The author begins by referring to the importance of the records of luminous meteors 
nind(^ by th(‘ Association, and which liavti given rise to a great scieuce, the future 
inilueneo of Avliieh on astronomy it is impossible to determine. After having 
reviewed the woik of tlui ('ommitteo for Lmiiinous M«‘teors, he shows that tliunder- 
storm phenomena are piMclically far more interesting for us, as bein” more iuti- 
mat(‘ly connected with oiir personal welfare and .seeiirity. Only in lew disconnected 
cases do falling stais produce fatal results, while thunder-storms may have an 
important iiitbieiiee on our prop<‘rty, o\ir health, and our lives. Captive balloons 
are spokcui of by Arago as tendiiig'to enlarge the system of protection inaugurated 
bv Dr. Franldin, so that an immense field may be said to be opened for inventions 
in this direction. 

The author .showed, by quoting his eorrespondtuioe, that in this Aery land the 
ofllciency of liglitning-condiictors had been quolioned, and that in Alaiichester a 
conference, held on the occasion of Kersall Church b(‘iiig struck, had arrhed at the 
conclusion that lightiiiiig-coiiductors avoia' Avorse than nM'less. 

The author referre^l to the use of the electric telegraph for giving Avarning to 
shipping, as practised by the Board of Trade, lie alliub d also to the .steps taken 
by the French Government for having maps draAVu of the course followed by 
thunder-storms. The author shoAved that, if the question is limited to the obserA'a- 
tion of phenomena AAdien places are .struck by lightning, it is of great importance 
and ina»mitude. (iuoting several newspapers, the author finds that not less than 
five or *8ix cases of great scientific interest had occurred Avithiii a month in the 
countv of Sussex, all of thes(i being lost for science and forgotten for ever, if not 
properly recorded. He is advocating no novelty, as a Committee of the French 
institute had officially advised tho French GoVornmont in 1823 to establi.sh a 
record of these cases, where a building had been struck by lightning when supplied 
with a lightning-conductor. lie e.xplained how prevalent superstitions had pre- 
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vented the French Government for a long while from giving force to the advice 
given by the French academicians. When these obstacles were pai-tially removed 
the opportunity was lost for establishing it, and the suggestion quite forgotten. 
He thinks that the French Government of 1872 will take a more intelligent view 
of the question, especially if the llrilish Association encourages them in doing so, 
by establishing some detinite organization for the purpose, as he is himself a 
living proof of the interest felt now by the French Governnu'nt in those matters, 
having been sent to England in order to report on the late thunder-storms which 
had been so remarkable. Would it not bii in some respects unbecoming of a great 
nation like England, whose power has been unchecKed, to take no interest in 
these casualties which are attracting the notice of a foreign people emerging from 
so many calamities ? 


On a Periodicity in the Frequency of Cyclones in the Lidiun Ocean south of 
the Equator, By Chakles Melorum {Mauriilas Observatory). 

*^Onc of the objects for which the IMoteorological Society of ^Mauritius was esta- 
blished in 18ol, was to obtain extracts from the Meteorological Itegisters of \ essels 
visiting the harbour of Port Louis, especially of such vessels as had experienced 
bad weather in the Indian Ocean. 

Accordingly clerks were employed to copy all the log-books that could bo 
procured. 

In 1853 the system of registration was remodelled. Instead of having the obser- 
vations contained in each log-book recorded separately, all the observations in all 
the log-books for the same day were entered on the same page. 

As this system has been ooiulucied without interru])tion to the pres('jii time, the 
Society has now a large collection of observations sliowing more or h'ss the state 
of the winds and weather o^er the frequent(‘d parts of tlie Indian Ocean, in the 
form of a daily journal, during the last nineteen years ; so tliat a person may find 
at once w^hat weathc'r prevailed on any day, or in any year, during that period. 

Together with the years 1851-52, tliereforo, dui’ing wliicli the registers were 
differently kept, we have twenty-one years’ continnous observation from the iiieridiaii 
of Greenwich to 120^ E., and from 23^ N. to 45° 8. 

Adding to the information obtained by the Society throughout these twenty- 
one years, numerous observations collected by several persons for the previous four 
years (1847-50), we have a more or less comph^te vt.'cord of all, or vi'ry nearly 
all, the cyclones wliich have taken place iu the Soutlieru Indian Ocean during 
the last twenty-five years; for Mauritius is so much iu the track of these cyclones, 
and so much frequented by vessels in distress, and ])y otluTs trading lielwetm the 
Colony and England, India, and Au«tralia, that it is scarcely po.ssible fur any violent 
hiimcane to happen without being noticed. 

Taking now, for lhc‘ present, the area <!()mpri.‘^ed hetwe^ui the equator and tlie 
parallel of 25° 8., and tlie mciidians of 40 ' am! 1 lO'^ E., mid examining a Tuhh* of 
the cyclones that liavo occurred there from 1847 to 1872, it is found that some 
years have been remarkable fur a frequoncy, and others fur a comparative absence 
of cyclones. 

The five years 1847-51 were characterized by cyclone-frequency. Then came 
a period of comparative calm (1852-57), which was followed by six years (1858- 
03) remarkable for cyclones. The next live years (1804-08) showed a consider- 
able decrease ; and since 18(30 there has b<‘en an increase, until, for the present year 
(1872), the number of cyclones is already (28th June) greater than in any year 
since 18(31. 

What has now been said is not only borne out by the records of the Meteorological 
Society, which give detailed accounts of the hurricanes, but also, I have little 
doubt, by the books of the Docks and Marine Establishments. Especially in 1847 
and 1848, and again in 1800-03, the harbour of Port Louis was at times crowded 
with disabled ships ; whereas in the years 1855-'57 and 1800-08 there were very few. 

It will be seen that these years correspond pretty closely with the maxima and 
minima epochs of sun-spots. 
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For the present, I wish merely to call attention to the subject, in order that the 
connexion which I think exists between sun-spot-frequency and cyclonc-freqiiency 
may bo either verified or refuted by past or future observation. It appears to mo 
that there is more than a mere coincidence as to time. There are three maxima 
and two minima opoclis of cyclone-frequency coiTespoudiiig nearly, if not entirely, 
with similar sun-spot epochs. 

To examine the matter fully, it would be necepsary not only to know the number 
of cycdoncs in each year, but also the extent and duration of each, and the force of 
the wind. If we could thus o^et an expression for the animal amount of cyclonic 
energ:y, and could show that it varif‘d directly as the amount of sun-spots, a con- 
nexion would bo established. One viobmt hurricam', wliieli lasted ten days and 
passed over thousands of miles, mij»ht ha^e more value than lialf a dozen smaller 
and short-lived ones. However, luiviiig traced a lar^e numher of the c> clones in 
qiK'stion, 1 have no doubt that the years of ‘rrealesl cycloiic-fre(|iiL*iicy were creue- 
rallv, if not always, the years of <n’eatest e3^clont'-eiier;ry ; and that the numher of 
cyclones in a year is a fair expression of the c\'clonic activity for that year. 

Now, taking the inaxir^.t and minima epochs of tlie sun-spot perioil and one year 
on each side of tliem, and comparing llie numher of cyclone-j in these three-year 
periods, we got the following results : — 




XuinbLO* of 

Total mini- 



( Vcloncs 

ill 

her of 

Years. 

eacli yeai 

1*. 

Cyclones. 

i 

1S47 ... 

1) 



^faxima • 

IHIH .. 


• t • • 

... lo 

I 

1S49 .. 

4 



i 

1^5*> . . 

41 



]\Iininia . \ 

ls.)(i . . 

it . 


.. . 8 


JW .. 




1 

i?^r>o 

7,) 



Maxima < 

isuo .. 

81 . 

I . . . ■ 

... 21 

I 

IbOl .. 

'8 



1 

.. 





l . . 

•H 


... 0 

Minima "j 

1 *^1)8 , , 




( 

1870 

.'ll 



Maxima s 

1871 .. 

4 } , 

I . I I 1 

... 14 

1 

1872 .. 




Tahing two j'eavs on e.ach side of the >ola 

r-.spot epochs, wo ge 

t : — 




X umber 

Total 


Years. 

of C’vclouos. 

number. 


l s->l . . 

4 ] 




1S.Y5 . 




IMiTiima ' 

LS-Vi . 

1 ' 


15 


18o7 . 

4 1 




. l8o8 . 

4J 



lsr,8 . 

4 1 

1 



18.V.) . 

7. 1 




18(K) . 

8 

1 

.*12 


l.s(»l . 

8 




1802 . 





1805 . 

a ^ 




1804 . 

5 




18(>7 . 



1) 


1808 . 

•) 

1 



t 1800 . 

0 

I 




58 


HEPORT — 1872 . 


Assuming that we have got a close approximation to the actual number of 
cj^clones, and that the numbers fairW represent cyclonic energy, it is difficult to 
avoid the conclusion that the above Tables point to a definite law, and that Mete- 
orology, Magnetism, and Solar Physics are closely connected ; for what holds good 
with regard to a large tract of the Indian Ocean, probably holds good with regard 
to other portions of the earth’s surface. 

Is it not probable, also, that if there is such a connexion as is here suggested 
between sun-ypots or sun-cyclones (as they have sometimes been called) and earth- 
cyclones, there is a similar connexion between the sun-spots and cyclones in the 
other planets ? 


The Rainfall of Smse.v, B^j Fiiedehtck Ernest Sawyer, of Bnyliton. 

1 he county of Sussex is divided by the South Downs into two meteorological 
districts — the coast district, which has a small rainfall and an equable climate, and 
the^ Weakly which has a much gn'ater rainfall and an extreme climate. 

Ihe causes of tlio increasinl vainlall in the Weald of Sussex are threefold: first, 
the DoicnSj which attract and (‘undense tlu' vapour in the rain-clouds which pass 
over them, causing it to fall in tlie Weald as rain ; secondly, the forests^ which 
break the wind and assist in ceiuhmsing vapour, the cutting-down of the Weakhm 
lori'sts for fuel, when iron was manufactured in tlie county, liaving, how(‘ver, dimi- 
nished the rainfall in some parts; and, thirdly, tlie ricers, the beds of wliicli form 
a path, up which rain-storms, and particularly thundcr-fetorms, pass from the coast 
into the Weald, and also by condensation produce ^Midal showers.” 

The average coast rainfall is about 25 to 2() inches, whibt that of the Weald is 
nearly inchiis. The greatest rainfall in the county is at Tiynch, near Midliur.st, 
the averag’e there being about 38 or 39 inclies. The ‘least rainfall is at I'eviuisey, 
where the mean of tliirty years was 24*07 inches. 

The comparison of the totals of rainfall on both sides of the Downs shows an 
increase in the totals in the Weald of from 20 to 50 per cent., owing to their influ- 
ence. ^ At 'Worthing, on the coast, the mean of three years ending 1871 w^as 
23-88 inches; and at ftteyning, in the Weald, it was 34-25 inche.s, or very nearly 
50 ner cent. more. > J J 

The greatest rainfall recorded in the county i.s 54*20 inches in 1852 at West 
Dean, the least at Peven.sey in 1858, L'Ml inches. Tlierc does not appear to be 
much difference in the .‘Seasonal distribution of rain in \nrioU 9 parts of the county. 

3 he low di.stricts round Pulboro’, Arundel, Brainber, llenfield, and Lewes become 
inundated after heavy rains. vSuch inundations occurred in 1810, 1821, 1828, 1839, 
and 1847. Seve*re droughts occurred in 1834, 1847, and 1852. 

There is only one rainfall proverb peculiar to the county : — 

“ When Wolsonbury has a cap, 

Ilurstpicrpoint will have a drap.” 

Wolsonbury Hill is a summit in the Downs, near Clayton ; and when enveloped 
in clouds, rain may be expected at Ilurstpierpoint. 


Acotsttes. 

On Musical Beats and Resultant Tones, By EtteoIE IviiNia. 


On the Human Voice as a Musical Instrument. By G. VANEEiEuit Lee. 
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Instruments. 

On the Mensiirator, a new Instrument for the Solution of Triangles, 

B\j W. Marsham Adams. 

The Mensurator is an instrument by whicli triangles may be solved ; that is to 
say, when the necessary data are ^iven, the instrument may be set according to 
them, and the values of the other ^arts read oil*. 

The author illustrated tlio use ot the instrument by numerous examples. 


On a new Jlggrometer, Bg George Dines. 

The peculiarity of this instrument is, that the use of ether is altogether dispensed 
with, water only of a lower temperature than the d(nv-point being required ; this 
is placed in a small reservnir.J lly turning a tap, the water is allowed to pass through 
a closed vessel covered with Tinx polished metal or black jilass. As soon as the 
dew appears upon the surface of the metal or glass, tlie How of the water must be 
stopped j and a thermometer, the bulb of which is eiiclos(‘d in the vessel, shows the 
tempernture of the dew-point. 

U.sing this instrument side by side wdth the dry- and W('t-bulb thermometers, 
the author of the paper luus conui to tlie conclusion tliat (whatever Tables may be 
used) the latter can nevt‘r h(i depended upon as giving more than an approximation 
to the d('W-point. He also dc'^cribes tin* aqueous vapour in the atmospiiero as badly 
mixed ; and that masses of air very dilferently charged with moisture are rolling 
over the surhice of the earth in the same manner as the clouds above, the difference 
being that tlu'V are invisible. 


On a Xautlcal Photometer, Bg J. Hopkinson, D,Sc. 

The photometers hitherto used for viewing distant lights, too faint for comparison 
with a standard candle, d(‘})end on tlui absorption of light by a coloured medium 
till the light is no longer visibh*. These photometers are defecti\o: — 1st, as they 
do not give the true lactor by which the light is diminished in intensity : Ihid, the 
absorbing medium is arbitrary, and must be arbitrarily defined ; Hrd, the etleets on 
red and white lights are not comparable. 

The photometer suggested consists of two suitably mounted Nicol’s prisms, 
which can bo turned about a common axis till the light is eclipsed. If x be the 
angle between the polarizing planes of the prisms, the light must be diminished 

times to render it invisible, where m is a constant near unity depending on 

Jt 

the reflection at tlie fliccs of the prisms. 


Nouveau Thermomhre destlnr a prendre les Tt mpmitares de la Sarfaee des 
Eau.v Marbles on Fhivialcs, Par le Doctcur Janssen. 

J’ai rhonneur de presenter au meeting un thermometre dhin nouveau modcle, 
destine a prendre la temperature de hi surface de la mer ou des fleuves. 

(hd instrumentdonl j ai deja public uno description dans les bulletin.s de la So- 
cidte INletcorologique de France, lo Decembre 1H(>7, a etc employe depuis par uii 
gi’and nombre d’observateurs ct a donne des rdsultats tros-satislhisants,qui penmd- 
tent de le considdrer comme definitivement acquis a la science. 

La disposition nouvellc de cet instrument consiste on ce quo h' ri^scrvolr est 
placd an milieu d’un pinceau do fils de chanvre. Fe pinceau est iixe a la garniture 
de boia ou de cuivre du thermometre ; il porte ii sa partie supth-ieure une virole de 
plomb. Ijorsque rinstrument est jete a 1 Van, la virole de plomb Tentrainant, il y 
pthi^tre rapidement et vei-ticalomeht ; les fils de chanvre s ecartent aussitot et le 
reservoir tnermomiStrique se trouvo alors en contact avec le liquide, dont il prend 
la temperature. En quelques seenndes IVquilibre est atteint ot on pent retirer le 
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thermom^tre an moyen de son cordon. Aussitot que I’instrument sort de Teau les fils 
se r^unissent^ entourent le rdservoir et conservent par capillarit^S uno quantity assez 
considerable du liquide dont on voulait obtenir la temperature. La presence de 
ce liquide autour dii reservoir permet do faire tout a son aise la lecture ae I’echelle; 
car je mo suis assur»5 par des experiences multipliiSes que Fevaporation a la surface 
du pinceaU; meme en presence du soleil et dans un air tres-sec, est inipuissanto h 
faire varier la temperature du rdservoir avant un temps triple ou quadruple de 
celui qui est n^ccssaire a la lecture. 

Voici line experience qui montre avec quelle lenteiir lo nouveau tliermonietro 
perd la temp(5rature du bain dans lequel on I’a plong(5. 

La tempt5rature de Feau i^tait de 19° centigrade. 

All soleil un tliermoinetre ordinaire marquait 87°. 

Le tliermoinetre a pinccau fut plonge dans I’cau^ marqua biontot 10°, fut retird 
et exposd au soleil. Or, apres 
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Le temps necessaire pour retirer le tliermometre de r<‘au et en faire la lecture 
n’est jamais siipdrieur a lo socoiides. Dans Inexperience rapporteo le lliormonietre 
dtait restd a 19° pendant 120secondcs; e’est S fois plus de temps qu^il n’etait iieces- 
saire a la lecture. 


Tempdratuies de la surface de la inev prises par M. Giraiid, do ^Nfarseilles 

a Ale\aiidri(‘. 
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*M. Girauda fait pliisieurs container d’ob-^ervations prcscntant le iiKinie accord. Lo 
differences nc s’ elevonl jamais d plus de yV de degre. 
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Coat a roccaHioa des travaiix que j’ai executes ^ Santoriu on 18u7, que j’ai iina- 
giiitS ce thermometro pour prendre la temperature de I’eaii do la nier pres du 
volcan alors en activity. 

Je m’en suia servi dans un voyage aiix Azores en 1807^ depiiis Lisbonne jusqu’^ 
St. Michel. 

Je I’ai dgalenient employ^ dans mes deux voyages aux Indes en 18G8 et 1871. 

Or j’ai constamment controltS lea indications du thermometre a pinceau en ^re- 
nantles temperatures par la methode ordinaire, qiii consiste, comme on sait, a puiser 
directement dans la mer un scan d’eau dans h;qiiel on place un Ihermom^tre. Les 
deux mdthodes so sont toujours accordees a j’j de degre quand on operait avec le 
soiii lu^cosmire. 

A ma deinande, M. Oiraud, officier de manno fran 9 ais, a biou,voulu prendre des 
temperatures de la M(5dit(;rraude pendant plusieurs voyages de Marseille a Alex- 
andric. Cet olEcier avait aussi ie soiii de controler lea indications du thermo- 
metre a pinceau jet6 a la mer par celles que le memc instrument depouilhS de son 
pinceau donnail dans un seau d’eau pulse an meme instant. 

On dnnne un fragment de scs ivsultats, p. GO. 

E’l resiling, le Ihermometre a pinceau a tres-bieiisoutenu de nombreuses dpreuves 
depuis cinq amuses, et on pent le considerer comme un instrument acquis a la science. 

On eii construit beaucoup en France. 


Oil the Temperatuve-coi'trction of an Aneroid. Bij John Phillips, M.A. and 
Hon. D.C.L. Oxon.^ F.R.S., Frofessorof Geology in the University of Oxford, 

Few instruments invented in modern days liave found a more ready and general 
acceptance for ordinary observations of atmospheric pressure than tlie Aneroid; 
hut tor accurate weighing of the column of air it is not to be trusted without care- 
ful precautions, and a preliminary study of the particular iii-trumeiit employed. 
The object of this communication is to explain a method by which an instriiinent 
which has boon in frequent use for nine years, and is liable to enormous variation 
of reading by change of temperature, has been made to give accurate results. 

The instrument has a diameter of 1-9 inch, and weighs 15G0 grains. It is quick 
and firm in its indications while kept in the same position and at the same tem- 
perature; but the reading is reduced if the position be changed from horizontal to 
vertical, and by any, however small, elevation of temperature. It has suflered 
many shocks, but is entirely uninjured by these and other misfortunes. Though 
divided only to indications can be recorded with entire confidence to 

2 J 5 , and are, in fact, by a peculiar method of reading, written down by estimation to 
Its sc(de is correct for a range of to .‘U indies. 

lleld in the warm hand, or exposed to sunshine, the index turns sensibly to the 
left. Heated from 40"^ to 80'^, the deviation exceeds three tenths of the baro- 
metric inch. I3y employing a hot closet the effect is augmented enormously, so 
that for one d(‘gree at 100^ Fahr. the index retreats about *0l?0 inch. 

After numerous and ofton-ri'peated comparisons with a standard barometer, at 
dlflerent atmospheric pressures and temperatures, the following summary of ob- 
serveel differences or corrections (t) to be applied to this aneroid, so as to make its 
indications agree with the mercurial instrument, as read at the same time, was 
adopted as a basis for calculation. The corrections arc additive. 
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These numbers, examined by differences, indicate a formula whose yrineipal 
term involves the square of the temperature. If they be projected as ordinates, a 
curve of parabolic form results^ as given above, the vertex being placed somewhere 
below 40°, where, probably, a curve of contrary flexure would begin. Assuming 

the curve to be a parabola, /3 correction for temperature, and 

taking w=lCF and /3=:‘0837, the values of € are giv^en in the third column. 
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A still closer approximation is found by employing a more' complete expression 

*1" ij It ^ 

for the function of temperature, siicli as IOOQ ’ which, lietweeii 40'^ and 


80°, rt=0, ^>=: *03, c = ‘00044/>. The resulting corrections appear as under, from 
90° to 30°, the utmost limits of probable observation in the Ihitisli Isles. 
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A Table constructed in accordance with this formula has bc('n found, by much 
experience, to gh every satisfactory results in mensures of terrestrial elevation. 
The author has also investigated instruments compensated for temperature, and 
finds in some cases a curve-correction necessary for inequality of scale. 


Description of the new Meirriotti Barometer. Bij Macneil Telpoui). 


The Spiral Top. By Prof. Cit, V. Zenger, 

On a stand of brass, fastened to a board, a screw moves in a vertical direction on 
the upper end of the stand. The axis of the top, with its conical end, is put in a 
conical bole worked in the screw, and the other end lies in a similar conical hole 
on a support fastened to the board vertically and in the same line as the screw. 

On the axis of the top is fastened a movable arm, with a screw and ball of 
brass that can be fastened at difterent distances from the axis of rotation. 

A double ring of biass to span a sheet of paper in it may be fastened on the 
screw, the plane of the paper being vertical to the axis of the top. 34ie apparatus 
is then prepared to show the nutation of the axis and precession of the nodes 
bv spinning it. The axis of the top describes a circle on the paper, on which an 
ellipse evolves, whose length of axis depends .on the position of the arm on the 
axis and the distance of the ball screwed to it. Taking the brass arm with the 
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ball from the axis, and fastening tlio spiral wire to it, the top is prepared for'anothcr 
experiment. 

In the former experiment a circle is described if the velocity does not change; 
but the friction and resistance of the air tend to diminiali it ; and so with a decreasing 
velocity of rotation tlie angle of inclination of the top^s axis becomes changeable, 
and instead of a circle, a spiral lino is described, with ellipses evolving on it, as is 
shown by pressing the paper against the axis for a longer time, the paper being 
covered wdth a thin layer or soot. 

The author tried to bring a top witliout the brass arm and ball in contact with a 
spiral line, constructed by a wire bent into a spiral line. Tlie top then began rapidly 
to move along the spiral line, and, reaching its end, began to follow again the direc- 
tion of the spiral wire on its inner side, and so on. 

This spiral and periodical motion is similar to tlint of a pendulum on a pre- 
scribed or given trace; it is very like tluit of a cycloidal pendulum, where the 
motion must be performed on a cycloid. 

The disturbing force produces a pressure on the wire, and forces the axis of the 
top to follow the directi(m of the spiral curve. 

The spiral may be replaced by a curve of any otlier description. 


On the Titn(jcnilal Bcdance and a ncn^ S(iicJmrumeUi\ 
Bij Professor Cir. V. ZrxGKit. 


Pkoguess of Scikkci:. 

On the Duty of the British Association with resjjcct to the DisirHution of its 
Funds. By Licut.-Col. A. Bthangf, F.F.S. 

Tlie author b('giiis by ref(‘iTing to the Royal Commission on Scientific Instruc- 
tion and tlie Advancement of Science, of which the Idiilve of Devonshire is Chair- 
man, tlie appointment of wliicli was obtained by the Pritish Association in J870. 
Having been examined hinuself by the Commission, and luoing been in communi- 
cation with many of the witnesses who have appeared before it, he is able to say 
that the following fundamental points are receiving great attention, viz. : — (1) that 
the objects of scieiilitic teacliing and of scientitic investigation are distinct, and 
require for their rospectiie attainment di.stinct machinery; (-) that the State is 
bound, in tlio interests of the community, to maintain Institutions, such as Labo- 
ratories and Observatories, for scientiiic research, apart from teaching; (3) that 
all State Scientific Institutions and action of every kind should be subject to the’ 
direction of a single Minister of State ; and (4) that sucli Minister of State should 
have the assistance of a permanent paid Comsultativo Council, composed of eminent 
men of science'. Of these measures he regards the two last (a Minister and 
Council) as by far the most important. 

The paper next proceeds to consider how the Association may further advance 
the great question of State Scientific Organization. The writer considers that one 
of the greatest obstacles in the way consists in the imperfect conception which 
statesmen have formed of the duties of the State with respect to science ; and he 
believes that thi.s is in a great measure due to indiscriminateness in private action 
and the distribution of private fund.s. Many great scientific problems have been 
taken up with the help of such means, only to be laid aside because those means 
have proved insufiicient. The re.sult is a confusion of thought as to what scientitic 
objects should be carried out by the State, and what may properly devolve on 
private bodies and individuals. 

In order to assist in clearing up this confusion, the author proposes that the 
Association should classily all applications for aid coming before them under two 
great heads — Public and Private ; that they should grunt pecuniary aid to^ the 
latter only ; that they should furnish the Goveniment annually with a list of objects 

QMk 
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which they regard as Public, with such advice as to the best mode of attaining 
them as may seem necessary; and that before each annual meeting they should 
ascertain from the Government what progress has been made towards the attain- 
ment of those objects, publishing the result in their Proceedings. 

The author disclaims any wish to bring the Association into collision with the 
Government. lie does not believe the above measures would have that effecd ; and 
he sees no other mode of bringing forcibly before the Government, in a practical 
form, those great wants of science which State resources alone can supply. 

He next proposes the following tests by which to distinguish Public Science for 
the purpose of classification: — (1) Continuity; (2) Probability of Expansion; 
(3) Unremunerativeness to the individual cultivating it, combined with profit or 
advantage to the community generally; (4) Costliness. T^o body is better able 
to supply such tests with discretion than the British Association. 

The author then enumerates some typical examples of private aid injudiciously 
given to strictly public objects; viz. the Kew Observatory, Kainfall, Sewage, the 
Map of the Moon, and the Tides. 

After pointing out the effect in each of tlicse cases, he then urges that the fiction 
now proposed will not chill individual enterprise, which is too fixed a sentiment in 
the English character to be capable of eradication. He is convinced that ample 
use will be found for the limited income of the Association after eliminating purely 
public objects. lie admits that such objects will perhaps at first be more or less 
neglected if abandoned by the Association ; but he considers that this ineonvenienee 
will be cheaply purchased by the dissemination of sounder views on State Science, 
to whicli it cannot fail to lead. 


CIIEMISTEY. 

Address hy J. H. Gladstone, Ph.1),, F.R.S.^ President of the Section, 

One of my fellow-students in the laboratory of tlie late Professor Graham began 
the study of Chemistry because he w'aiited to be a geolognst, and ho had read i:i 
some Geological Catechism that, iu order to bo versed in that science, it was neces- 
sary, as a preliminary step, to gain a knowledge of Chemistry, Mineralogy, Zoo- 
logy, Botany, and I know not what besides. jNly friend became a cliemisi, and 
found that •nough for the exercise of his faculties. Yet the catechism had trutli 
on its side ; for so intertwined are the various branches of observational or experi- 
mental research, that a perfect understanding of one can only be obtained through 
an acquaintance with the whole cycle of knowh'dge. 

Yet, on the other hand, who can survey the whole fudd even of modern Che- 
mistry ? There w^as a time doubtless, in the recollection of the more venersble of 
my auditors, when it was not impossible to learn all that chemists had to teach ; 
but now that our “ Handbook” has grown so large that it would take a Brumms 
to carry it, and it requires a small army of abstractors to give the Chemical Society 
the substance of what is done abroad, we are compelled to become specialists in 
spite of ourselves. lie who studies the general laws of Chemistry may well liini 
in despair from the ever-growing myriads of transformations among the compounds 
of carbon. We have agricultural, physiological, and technical chemists ; one man 
builds up new substances, another new formulae ; while some love the rarer metals, 
and others find their whole soul engi'ossed by the phenyl compounds. 

How is this necessity of specialization to be reconciled with the necessity of 
general knowledge ? By our forming a home for ourselves in some particular region, 
and becoming intimately conversant with every feature of the locality and their 
choicest associations, while at the same time we learn the general map of the 
country, so as to know the relative position and importance of our favourite resort, 
and to be able (when we desire it) to make excursions elsewhere. 

To facilitate this is one of the gi*eat objects of the British Association. The 
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different Sections are like different countries ; and, leaving the insular seclusion of 
our special studies, we can pass from one to the other, and gain the advantages of 
foreign travel. 

From this Chair I must of course regard Chemistry as the centre of the universe, 
and in speaking of other Sections I must think of them only in their relation to 
ourselves. There is that rich and ancient country, Section A, which, according to 
the Annual Keport, comprises several provinces. Mathematics, Astronomy, Optics, 
Heat, Electricity, and Meteorology. 

Maiht'inatics and Astronomy. — It was when the idea of exact weights and mea- 
sures was proj(5cted into it that Alclifuny wa.s transmuted into Chemistry. As our 
science has become more refined in its methods its numerical laws have become 
more and more significant ; and it may safely he predicted that the more closely it 
is allied with general physics, the greater will be the mathematical knowledge 
demanded of its votary. Jlut till lately the Clmmist and the Astronomer seemed 
far asunder as the li(\aveiis and the eartli, and none could have foretold that wo 
should now be analyzing the atmospheres of tlie sun and stars, or throwing light on 
the chemical composition of planetary nebulic and the heads of comets. There ia 
in this, too, as in other things, a reciprocal benefit; for we are encouraged to hope 
that this celestial cliemistry will reveal to us elements which have not yet been 
detected among the constituents of our globe. 

Light, Heat, and Electricity. — IJow intimately are these associated with the 
chemical force, or ratlior how easily are these Frotcaii forces transformed into one 
another ! The rays of the sun ct)niing upon our earth are lilve a chemi.st entering 
his laboratory : they start strangre decompositions and combinations not only in the 
vegetable kingdom, but also among inorganic gases and salts; they are absorbed 
selectively by different bodies which they piuietrate, or are refracted, dispersed, and 
polarized according to the chemical composition and structure of the substance. 
All this has been tin' subject recently of imieh scientific research ; and I need 
scarcely remind you of the beautiful art of photography as one of the results of 
photo-chemistry, or of the benefits that have arisen from a study of ciivular polar- 
ization, indices of refraction, and especially spectrum-analysis. In regard to the 
latter, however, I would remark that while the optical examination of the rays 
emitted by luminous vapours lias yielded most brilliant results, there is another 
kiud of spectrum-analysis — tliat of tlie ra3's absorbed by various terrestrial gases, 
liquids, and solids — whicli has already borne valuable fruit, and which, as it is far 
more extensively applicable tliaii tlie other, may perhaps play a still more impor- 
tant part in the Chemistry of the future. The dispersion of the rays of the spec- 
trum is certainly due to the chemical nature of the body through which they pass; 
but this is as yet almost unbroken ground waiting for an explorer. As to lieut, it 
has ever been the tool of the chemist; and it would be difficult to overestimate 
the significance of researches into the specific heat or the melting- and boiling- 
points of elements and tlieir compounds. The laws of chemical combination have 
been elucidated latcdy by theviiio-chemical researclies ; it has been sought to esta- 
blish a connexion between the absorption or radiation of heat and the complexity 
of the chemical constit uti<ni of the active body; while the power of conducting 
heat, or of expanding iiiui(*r its intliieiice, offers a promising field of inquiry. As 
to electrical science, one department of it (Galvanism) is strictly chemical ; the 
electrolytic cell does our work : and indeed we claim lialf the electric telegraph ; for 
while the needle may oscillate in Section A, the battery belongs to B. 

Last in Section A comes Meteorology ; and there are chemical questimis con- 
cerning the constitution of the atmosphere, its changes, and the effect of its occa- 
sional constituents upon vegetable ana animal life, which merit the deepest attention 
of the physiologist, pliilanthropist, and statesman. 

If we turn to Section C, there is an outlying province belonging to xis — namely, 
Mineralogy, which lies on the frontiers of Geology. A vast and very promising 
region is the origin and mode of fornuition of different minerals : this has attracted 
some explorers during the past year ; but in order to investigate it properly the 
geologist and the chemist must travel hand in hand. Geology, in demanding of 
us the analysis of earths and ores, rocks and precious stones, repays us by bringing 
to our knowledge many a rare element and strange combination. 
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When we pass from C to 1) (that is, from the crust of the globe to tlie organized 
beings that inhabit and adorn it) we are introduced into new regions of research. 
When organic chemistry was young, Cuvier said of it, “ Dans cctte nouvelle magie, 
le chimiste n*a prosque qu’a vouloir : tout pent se changer cn tout ; tout pent s’ex- 
trairo de tout , and though we have now learnt much of the laws hy which these 
magical transformations proceed, they far transcend the dreams of the French phi- 
losopher ; there is yet no visible limit to the multitude of prmluets to bo derived 
from the vegetable and animal world, and their changes seem to alTord boundless 
scope for chemical ingenuity. The benefit here also is reciprocal ; for tlie physio- 
logist enters by our aid into the wonderful laboratory of the ii\iiig planter animal, 
and learns to estimate the mode of action of diHerent foods and medicines. There 
have lately been some good researches of this character. The dilHcultios are great ; 
but the results to be achieved are worthy of any effort. 

There may be little intercourse between us and the geographers in E ; but wo 
stand in no distant relationship with many of the subjects discussed in F. Eeu- 
nomic science embraces tlie chemical arts, from cookery upwards ; such imperial 
questions as that of the national standards, or tlie patent laws, interest us greatly ; 
the yield of our corn-fields is increased through our knowledge of the constituents 
of soils and manures; and upon many of the chemical manufactures depend in no 
small degree the commerce and the wealth of Dritain. 

In this most important branch of technical chemistry we need the skill of the 
mechanician; and this introduces us to Section G. One of the questions of the 
day^ will illustrate the connexion between these varied diq^nrtments of stud}\ Sta- 
tistics prove that the consumption of coal is now advancing, not at the gi-adual pace 
which recent calculations allowed, hut at a rapidly accehu’ating speed ; and they 
make the householder anxious about rising prices, and the political economist about 
the duration of our coal-lields. It is well kiuAvn that there is a great waste of fuel 
throughout the country, as the maximum of heat produced by tlio combustion is 
very far from- being ever utilized; and it will bo for the combined wisdom of the 
chemist, physicist, and mechanician to de\iso means for reducing this lavish ex- 
penditure, or to indicate other available sources of power. 

While this correlation of the natural sciences renders it desirable that the votary 
of one should liave some general acquaintance xvitJi the r(\sl, the correlation of all 
knowledge shows that no education can be coniplele which ignores the study of 
nature. A mind fed only on one particular kina of lore, however excellent ihat 
kind may be, must fail of proper nourishment. I am not going to say a word against 
philological studies : I am too fond of them myself for that ; and I could wish that 
the modern languages were tauglit more, and the classic languages were taught 
better, than they are at present. What I do contend for is, that chemistry (or some 
cognate branch of science) should have an honoured place in the education of every 
English lady and gentleman. I say purposely an honoured place ;” for at present 
where chemistry is introduced we too otlen find the idea latent which was expressed 
by one principal of a lady’s college, xvho told a friend of mine that he was to give the 
girls a course of pretty experiments, but that she did not expect him to teach them any 
thing ; and we know that when boys repeat chemical experiments at home it is 
looked upon as an amusement, a philosoptiical one no doubt, but rather objection- 
able, inasmuch as they spoil their mother’s towels and singe their own eyebrows. 

Of course some knowledge of chemistry is indispensable for a large number of our 
manufacturers, and for the medical profession, while it is extremely valuable to the 
farmer, the miner, and the engineer. It will also be readily granted tliat informa- 
tion about the air we breathe, the water we drink, the fijod we live upon, tlie fuel 
wo burn, and the various common objects wo handle, must be of service to every 
man. But we are met by the advocates of the old system of education witli the 
remark that the value of school-teaching does not depend so much upon the infor- 
mation given as upon the mental training. This I admit — though it seems to me 
that if the same training can he secured by two studies, the one of which (like 
the making of Latin verses) gives no information at all, and the other (like chemical 
analysis) imparts some useful knoxvledge, we should prefer the latter. But I hold 
that, as a means of educating the mental faculties, cbemietry, faithfully taught, hae 
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in many respects tlie advantage over literary studies. There is superabundant scope 
for the exercise of the memory ; the powers of observation are developed by it to a 
wonderful degree; the reasoning powers may bo well disciplined on the philosophy of 
chemical change, or the application of the laws of Dalton, ^litscherlich, and Avo- 
gadro ; while the imagiimtion may bo cultivated by tlie attempt to form a conception 
of the ultimate particles of matter, with tlieir aliinities and atomicities, as they act 
and react upon one another under the control of the physical forces. And I might 
speak of higher considerations than mere intellectual culture ; for surely the works 
of tlio Allwise and J3ountiful Creator are a more triitliful and a purer subject of con- 
templation for the opening minds of youth, and more in accordance with Christian 
ideas, than are the crude notions of a past stage of civilization, and the ignorant 
and gross fancies of a defunct paganism. 

There is another requireme.nt in education — the training of the mind to the dis- 
covery and rect)gnition of trutli. For this purpose philological studies have no lit- 
ness ; mathematical studies, though peculiarly adapted for it, apply only to cases 
where dimionstrative proof is possible ; but the study of physical science is remark- 
ably well fitted for teaching the proper methods of iiif^uirv, and the strict relations 
between theory and fact. Now the historian, the politician, thi.^ mental philosopher, 
the theologian, or any one else who d(*sires to iuliuence the thoughts of his fellow 
men, should be in a position to distinguish between truth and error in his own de- 
partment ; and his mind may be W(‘ll disciplined for ibis by a study which is less 
liable to be disturbed by liiiinan passions, predilections, or wishes, and where tlio 
conclusions are more readily brought to tlie test of observation or experiment. 

Our (rovernment insists on a certain standard of education for all wno are allowed 
to teach in our elemeutary scliools. In those schools which receive no {State aid it 
is only public opinion which can insist that the teacher sliall be duly qualitied him- 
self. Such bodies as tlm British Association form this public opinion, and will de- 
serve well of their country if they demand that those masters and mistresses shall 
know something of the material universe in which they move, and be able to im- 
part to every child such scieiititic knowledge as shall ailord him an interesting sub* 
ject for thought, gi^e liiiii useful information, and discipline his meutid powers. 

Among the many servic(‘s ivuidored by the monthly reports of the progress of 
chemistry which the Cliomical Society puhlhlies, and the British Association helps 
to pay for, there is one which is ratlun* salutary than pleasant. They bring pro- 
miutuitly before our notice the fact that in the rac(‘ of original res(\arch we are 
being di>taiiced by Ibreigu elieiui.^ts. 1 refer not to tlie ([iiality of oiir work, about 
which opinions will ])robahly ditler, but to the quantity, which can bo determined 
by very simple arithnietie. This is a matter of no small importance, not only for 
the liunonr of England, but still more for tin', advancement of science and the 
welfare of man. Erom the riiy.di'al Chair of this Assoeiation last year, a note of 
warning was uttered in tin' followijig words, after ii reference to the sad fate of 
Newton’s successors who allowed mathematical science almost to die out of the 
country: — ‘‘If the successors of Davy and Faraday pause to ponder even on (heir 
achievements, we shall soon bt' again in the same state of igriioiniihous inferiority.” 
The President of tlie Chemical Soei<‘ty also, in the last Aiinivinsary Address, drew 
attention to the diminished activity of Chemical discovery, and to the lamentable 
fewness of original papers communicated. He traces this chiefly to “the non- 
recoguition of experimental research by our universities,” and suggests that in the 
granting of science-degrees every candidate should be required, as in Germany, to 
prove his ability for original investigation. 

Concurring in this, I would remark tliat other causes liave also been assigned, 
and other suggestions have been made. There is tlio small recognition of original 
research even by our learned Societies — at least such recognition as will come home 
to the understanding of the general public. It is true the ft'llowsliip of the Royal 
Society is awarded mainly for original discoveries, and there are two or three 
medals to bo disposed of annually; but these distinctions fall to the lot of tne 
seniors in science, often men who are beyond the need of encouragement; and 
though they doubtless arc serviceable as incentives, there is many a beginner in 
the honourable contest of discovery who is too modest even to hope for the blue 
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ribbon of science. While the Victoria Cross is awarded to few, every soldier wlio 
has borne part in a victory expects his clasp ; and so might every man who has 
won victories over the secrets of nature fairly look for some public recognition. It 
has been suggested, for instance, that the Royal Society, in addition to the F.R.S., 
might institute an Associateship, with the letters A.R.S., designed exclusively for 
those younger men who have shown zeal and ability in original research, but 
whose discoveries have not been sufficient to entitle them already to the Fellowship. 
It is suggested, too, that the Chemical Society might give some medal, or diploma, 
or some similar distinction to those who contribute papers of sufficient merit. 

But beyond this is the non-recognition of scientific research by society in general. 
We can scarcely expect the average enlightened Englishman to be any thing hut 
scared by a graphic fonnula, or a doubly sesquipedalian word containing two or 
three compound radicals ; hut ho need not continue to talk of the four elements, or 
of acids being neutralized by sugar. But, indeed, the so-called educated classes in 
England are not only supremely ignorant of science ; they have scarcely yet arrived 
at the first stage of improvement — the knowledge of their own ignorance. Then, 
again, there is the excessive preference of practical inventions over theoretical dis- 
coveries — or rather, perhaps, the inability to appreciate any thing but tangible 
results. Thus a new aniline compound is nothing unless it will dye a pretty 
colour j if we speak of the discovery of a new metal by the spectroscope, they 
simply ask, What is it useful for ? and the rigorous determination of an atomic 
weight has for them no meaning, or interest, or beauty. The general appreciation 
of science must be of gradual growth ; yet there are w’ealthy men who know its 
value, and who might well become the endow^ers of research. There are, indeed, 
at present funds available for the purpose — such as the Govenmient Grant, and the 
surplus funds of this Association ; but the money is given simply to cover actual 
outlay; and this, though very useful, scarcely meets the case of those young philo- 
sophers who have no balance at their bankers, and yet must live. Will not some 
of these wealthy men endow experimental scholarships, or professorships, in con- 
nexion with our colleges, institutions, or learned societies ? As an instance of the 
good that may bo effected in this way, may be cited the Eullerian professorships ; 
and as a very recent example, worthy of all honour, may be mentioned tlie purpose 
of Mr. J. B. Lawes, not only to continue his elaborate experiments at Rothamsted 
throughout his lifetime, hut to place his laboratory and experimental fields in 
trust, together with £100,000, so that investigations may be continued in the 
wider and more scientific questions which the progress of agriculture may suggest. 

The Government of our country, through the Science and Art Department, ren- 
ders good assistance to the teaching of science ; and if the recommendations of the 
Royal Commission on Scientific Instruction and the Advancement of Science be 
adopted, the introduction of practical examinations for the obtaining of certificates 
for a superior grade of science-master will certainly foster a spirit of research. It 
has been generally held that the promotion of research is within the legitimate 
scope of government ; and where, as in the case of Aristotle and Alexander, genius 
and industry have been sustained by princely munificence, the happiest results 
have ensued. Yet this question of Government aid is a delicate one : for genius, 
when put into swaddling clothes, is apt to be stifled by them ; and were science 
to depend on political favour or imperial support, it would be a fatal calamity. 
Still 1 think it will he everywhere admitted that science might with propriety be 
subsidized from the public funds in cases w’here the results may be expected to 
confer a direct benefit upon the communit)^, and whore the inquiry, either from its 
expense, its tedioiisness, its uninteresting ‘character, or the amount of cooperation 
required, is not likely to bo carried out by voluntary effort. The astronomical 
work which is paid for by Government bears upon navigation, and answers both 
these requirements ; and it is easy to conceive of inquiries in our own science that 
might equally deserve the assistance of the State. Some of these miglit also more 
than repay the outlay, though perhaps the profit would not fall into next year’s 
budget. 

I believe that this diminution of original research, which we deplore, is partly 
due to a cause in which we rejoice — the recent extension of science-teaching. The 
professorships of chemistry are scarcely more numerous now than they were twenty 
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fcfxvs ago, while the calls upon the nrofessor^s time in conducting classes or looking 
)ver examination papers have greatly augmented. Thus some of the most capable 
nen have been drawn away from the investigation of nature ; and in order to afford 
hem sufficient leisure for the purpose, means must be found to multiply the 
lumber of the professorships in our various colleges. 

While the rudiments of science are being infused into our primary education, 
low happily becoming national, while physical science is gradually gaining a 
boting in our secondary and our large public schools, and while it is winning 
for itself an lionoured place at our universities, it is to be hoped that many new in- 
vestigators will arise, and that British chemists will not fall behind in the upward 
inarch of discovery, but will continue hand in hand with their continental 
brethren thus to serve their own and future g(‘iieratious. 


Chemical Nomenclature. Btj Dr. A. Crum Brown. 

This communicatioii does not contain a proposal of a new nomenclature or of a 
n(‘w system of nomenclature, but was intended as a contribution to that critical 
examination of chemical names which, it may be lioped, will lead to the develop- 
ment of a single language, capable of expressing ch'arly, conipletelv, and shortly 
tlie actual relations of substances to one anotlier, and anj/ theoretical speculations 
which are, or may be, entertained by chemists. 

Three different kinds of names at present used are considered : — 1st. Proper 
names, i. e, names which, merely in virtue of a convention, represent particular sub- 
stances, 2nd. Names which indicate the composition of the substances represented, 
flrd. Names which indicate the relation of the substances to others, and which may 
therefore be called functional nanu's. In a functional nomenclature each substance 
will ha^e more than one name, as it has more than one relation to other substances ; 
but no confusion need result from this, as each name will be used in its own place, 
Avlien the relations implied in the name are treated of. 


On flic liclatlve Power of Various Substances in jyreventlng Putrefaction and 
the Development of Protoplasmic and Fungus Life. B\j Dr. F, Crace- 
C.VLVERT, F.R.S., FC.S., cJt. 

To carry out this series of experiments, small test-tubes w^ere thoroughly cleansed 
and heated to dull redness. Into each was placed 2(3 grammes of a solution of 
albumen containing one part of white of egg to four parts of pure distilled water, 
prepared as described in my paper on protoplasmic life. To this was added one 
thousandth, or '02(3 gramme, of each of the substances the action of which I desired 
to study. The reasons why I employed one part in a thousand are twofold : — first, 
the employment of larger proportions would, in some instances, have coagulated 
the albumen ; secondly, it would have increased the difficulty of determining the re- 
lative powers of the most efficacious antiseptics in preventing the development of 
the germs of putrefaction or decay, as the period ol time required would have ex- 
tended over to twelve months. A drop was taken from each of the tubes, and exa- 
mined undt*r a microscope having a magnifying-power of 800 diameters. This 
operation w’as r(‘peated daily for thirty -nine days, and from time to time for eighty 
days. I'he. tubes were kept in a room the temperature of which did not vary more than 
3°, namely from 12° ‘o C. to 15'^*5 C., during the lime these experiments lasted. 

In order to appreciate the influence of tlie antiseptics used, 1 examined two solu- 
tions of pure alDumen, one of which was kept in the laboratoiy, the other in the 
open air. 

A marked difference was observed in the result, the solution kept outside becoming 
impregnated with animal life in less than half the time required by the other, while 
as many vibrios were developed in six days in the solution outside, as were deve- 
loped in thirty days in the one in the laboratory. 

A summary of the results of the experiments is pven in the following Table, in 
which the substances are grouped according to their chemical nature. 
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Substanoeg used. 

Bays required for 
development of 

Bays required for 
due development 
of putrid odours 
in albunmn kept 
at 200 C. 

Fungi 

atir>°c. 

Vibrios 
at 1 f)^ C. 

1. Standixrd Solutum^. 




Albumen kept in laboratory for comparison 

18 

12 

10 

Albumen exposed ovitside laboratory 

None 

5 


2. Acuh. 




Sulplmroua acid 

21 

11 

4.5 

Sulphuric acid 

0 

0 

10 

10 

Nitric acid 

10 

10 

Arsenious acid 

18 

22 

None 

Acetic acid 

0 

30 

None 

Prussic acid 

None 

0 

35 

o. AlkifUcs, 




Caustic soda 

38 

24 

72 

Caustic potash 

K> 

2<‘> 

85 

Caustic ammonia 

20 

24 

20 

Caustic lime 

None 

13 

11 

4. Chlorine CoinponnJs. 




Solution of chlorine 

22 

7 

10 

Chloride of sodium ' 

10 

14 

10 

Chloride of calcium ' 

18 

7 

11 

Chloride of aluminium i 

21 

10 

1<) 

Chloride of zinc 

ud 

None 

38 

Bichloride of mercury 

81 

None 

None 

Bleivching-powder ' 

1(> 

0 

<) 

Chlorate of potash 

JO 

17 

38 

5. Comiwinuh. ! 




Sulphate of lime 

10 

0 

14 

Protosulpluite of Iron ! 

!,■) 

1 

10 

Bisulphite of lime | 

18 

1 1 

i 1(> 

Hyposulphite of soda i 

18 

1 1 

11 

1 

0. Fhosphafe^, 1 




Phosphate of soda ; 

* 17 

13 

10 

Phosphate of lime 

7. 

Permanganate of potash 

* 22 

7 

1 

10 

22 

0 

11 

* 8. F'ar Series. 




Carbolic acid 

Nnno 

None 

Nemo 

Cresylic acid 

None 

; Nolle 

None 

0. SuJphocarholates. 1 




Sulphocarbolate of potash 

17 

18 

35 

Sulphocarbolato of soda 

10 

18 

20 

Sulphocarbolate of zinc 

17 

Nciic 

None 

10. 




Sulphate of quinino 

None 

2o 

None 

Picric acid 

10 

17 

20 

Pepper 

None 

8 

10 

Turpentine, , MM*. 

42 

14 

35 

11. 




Charcoal-, 


9 

None 




TRANSACTIONS OF THIS 8KCTIONS. 


71 


In comparing the results given in the above Table, the substances can bo classed 
under four distinct heads, viz. those which prevent the development of protoplasmic 
and fungus life, those which prevent the production of vibrio life, but do not 
prevent the appearance of fungus life, those which permit the production of vibrio 
life, but prevent the appearance of fungus life, and those which do not prevent the 
appearance of either protoplasmic or fungus life. 

The first class contains only two substances, carbolic and cresylic acids. In the 
second class also there are only two compounds, chloride of zinc and bichloride of 
mercury. 

In the third class there are five substances, lime, sulphato of quinine, pepper, 
turpeutiue, and prussic acid. In the fourth class is included the remaining twenty- 
live substances. 

The acids, while not preventing the production of vibrios, have a marked tendency 
to promote the growth of fungi. This is especially noticeable in the case of 
sulphuric and acetic acids. Alkalies, on the contrary, are not favourable to the 
production of fungus life, but promote the development of vibrios. 

The chlorides of zinc and mercury, while completely preventing the development 
of animalcules, do not entirely prevent fungus life ; but I would call special at- 
tention to the interesting and unexj)ected iv'sults obtained in the cases of chlorine 
and bleaching-powder. When employed in the proportion above stated, they do not 
prevent the production of \ibrio life. 

In order to do so they miust he employed in excess ; and I have ascertained, 
by a distinct series of experiments, that large quantities of bleaching-powder 
are then necessary ; hut the organic matter is al.so destroyed, its carbon being con- 
verted into carbonic acid, and part of its nitrogen liberated. 

If, however, tlu* bleaching-powder be not in excess, the animal matter will 
still readily enter into ptitrefaciiun. The assumption on which its employment 
as a disinfectant has boeii based, namely that the ullinity of the chlorihe for 
hydrogen is so gnait as to destroy the germs of putrefaction, is erroneous. The 
next class to which I would call atteiition is the tar series, which gave no wsigns 
of vibriouic or fungus life during eighty days. The results obtained with sulphate 
of quinine, pepper, and turpeutiue deserve notice. None of them prevent the 
dcvelopiuent of vibrio.", but sulphate ofquiniu(‘ and pepper entirely prevent the 
appearance of fungi. This fact, together with the remarkable elHeacy of sulphate 
of quinine in interinittent fever, would lead to the su})position that this dis('ase is 
due to the introduction into the system of fungus-germs ; and this is rendeicd the 
more probable, if we bear in mind that those fevers are pre^alent only in low 
marshy situations, where vegetable decay abounds, and never appear to any extent 
in dry climates even in denx? populations where ventilation is bud and putrefaction 
is rife. The results oljtaiued in the en.'-e of charcoal show that it p()ssess(‘s no anti- 
septic properties, but that it pix'vents the emanation of putrid gases owing to itsex- 
tr<a()rd nary porosity, which condenses the gases, thus bringing* them into contact 
with the oxygen of lln^ atmosphere, which oxidizes and destroys them. The above 
facts have been conlinned by a second series of experiments. 


On the Presence of Alhvmen in Neutral FaiSy and on a New Process for the 
Manufacture of Pfearic and Palmitic AcidSy Pj/ WlLUAJi Lakt 
CarpiIntuh, P,yl.y BPc.y FX\S. 

In the International Exhibition of 1871 there* were exhibited specimens of very 
fine stearic acid, made by a new process inventtal by Professor J. C. A. Bock, of 
Copenhagen. This process the author had studied prtuUically, and had extended its 
application to vegetable fats. 

The disadvantages of processes hitherto in use for decomposing neutral fats were 
pointed out. In the lime saponitication, either 00 per cent.above the theoretical quan- 
tity of lime was required, or else a very high nressure. In the various processes 
of distillation the waste of material was consioerable, and the risk of lire great. 
Where water alone was used, the high pressure required frequently burst the 
vessels employed. The inventor of the process under consideration was a scien- 
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tific man, of high culture, in early years a distinguished surgeon, and till recently 
medical adviser at the Court of Copenhagen. He believed that all neutral fats 
were composed of minute globules of fatty matter, each one of which was encased 
in an envelope of a substance which he termed albumen (in the proportion of 1 to 
2 per cent, of the whole fat), the existence of which could be demonstrated by dis- 
solving the fat in ether or benzole, and precipitating the solution with water, when 
the albuminous matters collected at the plane of junction of the water and the fatty 
solution. In his opinion, the excess of alkali, or of heat, or of pressure, necessary 
to decompose a neutral fat, was rc'quired to destroy this albiiineii, with which were 
associated many of the colouriiig-matlers. By the use of ceidain oxidizing agents, 
the envelopes of the globules composing neutral fat could be disintegrated, and sub- 
sequently oxidized, so that their specitic gravity was increased, and they could then 
be removed by mere subsidence, leaving the fatty acids comparatively free from 
colour. 

In practice, the tallow, heated to 115° C. in an open vat, is well agitated with 
C per cent, sulphuric acid for a short period, by which tlie albuminous envelopes 
are charred and broken up. Water is then added, and the blackened but still 
neutral fat boiled with it. Decomposition of the fat gradually takes place, the 
degree of it being judged of by the mode of crystallization of the fatty acids. 
When it is complete, the water is run off, and the glvcerino whicdi it contains 
is purified from sulphuric acid by precipitation of the latter with lime, and concen- 
trated for sale. Tlie blackened fatty acids are then subjected to the action of a 
solution of one or more of the following oxidizing agents — sulphuric, nitric, and 
hydrochloric acids, bichromate and permanganate of potash, and hypochlorite of 
lime. The albuminous matters coagulate together, and increase so much in specific 
gravity, that they subside in a few hours, leaving the fatty acids of a pale orown 
colour. These acids are then washed, crystallized, and subject('d to cold and hot 
hydraulic pressing in the usual manner. The products are a stearic acid whiter, 
harder, and greater in quantity per ton of tallow than that obtained by any other 
method, and elaidic acid superior to that made in any other way. The author of 
the paper was engaged in extending the invention to vegetable fats. He illustrated 
the paper with specimens from Copenhagen (sent expressly for the Meeting) and 
from his own factory. 


On the Mode of Collection of Samples of Deep-sea Water^ and of their Analysis 
for dissolved Gaseous Constituents, employed on hoard Jf.M.S, ^ Porcupine^ 
during the Summers of 1861) and 1870. By Lant Carpkntek, 

B,A„ B.Sc., F.C,S. 

The object of the paper was to obtain a discussion on the subject, in the hope 
that a method might be suggested more free from error, and as readily adaptable 
to the exigencies of shipboard as those hitherto employed. The author was the 
first to adapt the late Prof. W. A. IVlillcr’s nudhod to this purpose ; and many of 
the results arrived at had been published in the ^ Proceedings of the lloyal Society ’ 
issued in 1870. The samples of water were collected by a cylinder furnished with 
valves opening upwards, which was fastened to the sounding-liue. When used 
with certain precautions, it was believed that this instrument, simple as it was, left 
little to be desired. The method of analysis consisted essentially in boiling aoout 
760 cub. centims. of the sea-wato in a vacuum, and collecting the gas over mercury, 
absorbing the caibonic acid and oxygen with the lusual reagents. Unless tfie 
duplicate analyses agreed closely, they were rejected. The average total quantity 
of dissolved gas w-as 2*8 vols. per 100 vols. of w^ater. At the surface 20 to 25 per 
cent, of this was carbonic acid; but close to the bottom, at great depths, this per- 
centage increased very largely, amounting to above 06 per cent, in one case. 

In the more northern latitudes the proportion of oxygen was greater, and of car- 
bonic acid less, both in surface- and bottom-water, than in the more southern. 

The author then stated that there was a veiy generally received opinion that the 
water at great depths contained so great an excess of dissolved gas, that when it 
was brought to the surface, and the pressui’O thus removed, the gas escaped with 
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effervescence. Although he liad had long experience of the collection and analysis 
of such water, he had not seen any thing at all to support this view. While ’ad- 
mitting that the pressure was suHicieiit to retain the excess of gas in solution if it 
were there, the author was unable to see where was the source of the supposed 
excess, since there was reason to believe that every drop of water iu the ocean 
came to the siirfice at one time or another ; and when there, it became saturated, 
or nearly so, with gas at the ordinary atmospheric pressure. 

In the discussion which followed, the justice of the view here put forth about 
the supposed excess of gases in solution at great depths was generally admitted. 
Several other methods of collecting samples of the water were suggested, and also 
apparatus for their analysis; but none of them had been tried on board ship at any 
distance from land. 


On a 2 >i'Oposed Method of preventing the Fermentation of Sewage, 
By W. J. CoorKR. 


Ignition of Cotton by Saturation with Fatly Oih, 

By John Galletly. 

The following experiments have been made with the view of giving greater 
precision to our knowledge of the kindling of cotton or other exposed combustible 
materials wdiich happen to have imbibed animal or vegetable fatty oils. Graham 
mentions* that ^‘instances could be given of olive-oil igniting upon sawdust, of 
greasy rags from butter, heaped together, taking fire within a perioa of twenty-four 
hours.” The danger of fire from this cause is familiar to those manufacturers who 
coat any textile fabric with varnishes containing drying oils, and also to turkey-red 
dyers, from the olive-oil employed in their process. Generally, it is stated in 
Watts’s Dictionary that this combustion may take place in intervals varying from 
a few hours to several weeks, when considerable masses of lampblack, tow, linen, 
paper, cotton, calico, woollen stuffs, ships’ cables, woodashes, ochre, kc.. are sliglitly 
soaked in oil, and packed in such a manner that the air has moderate access to 
them” (Watts’s Diet. voLii. p. 880). Nevertheless there is great vagueness about the 
exact conditions in wliich actual ignition of the mass would take place, what size 
of a heap might be necessary, and the various powers ofdilferentoils to produce this 
result. Graham states, in the ^Keport’ already quoted, that the ignition of heaps 
of the materials under discussion has been often observed to be greatly favoured 
by a slight warmth, such as the heat of the sun,” Tliis is a very important ob- 
servation. The author’s first experiments were made at a temperature of about 
170'' Fabr., but he had some made at a heat a little over IdO', or about the tem- 
perature a body acquires by lying perpendicular to the sun’s rays ; the former tem- 
perature might represent the heat attained in tlie neighbourhood of a steam-pipe 
or in front of an open fire. For completeness, the aullior repeated, in this paper, 
along with later results, some observations published a few weeks ago in the ‘ Oil- 
Trade .ToiirnaL’ 

Boiled Linscedoil with Chamber kept about 170° Fahr , — A handful of cotton 
waste, after being soaked in boiled linseed-oil, and removing the excess of this by 
wringing, was placed among dry waste in a box 17 in. long by 7 in. square in the 
ends. Through a hole in the cover of this box a thermometer was passed, with 
its bulb resting amongst the oily cotton. Shortly after reaching the temperature 
of the warm chamber, the mercury began to rise rapidly, viz. from ri to 10° every 
few minutes ; and in 75 minutes from the time the box was placed in the chamber, 
the heat indicated was 350'' Fahr. At this point smoke issuing from the box re- 
vealed that the cotton was now in a state of active combustion, and on removing 
it to the free access of air it burst into dame. In another similar experiment the 
temperature rose more slowly, but reached 280° Fahr. in 105 minutes, when, from 
the appearance of smoke, it was plain that the cotton was burning, and the whole 
mass was soon in a flame on being placed in a current of air. On a smaller scale a 

* “Report on the Fire in the ‘ Amazon,’ ” Chem. Soc. Quart. Journ. vol. v. p, 34, 
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quantity of the oiled cotton that just filled a common lucifer-niatch box was tried; 
within an hour it was on lire, the temperature of the chamber being 160° Fahr. 

Maw Limeed-oily as generally supposed, does not so readily set fire to cotton as 
the boiled oil ; but in two experiments, where the size of the box employed was 6^ 
in. long by 4^- in. square in the ends,, active combustion was going on in the ode 
case in five and the other in four hours. 

Mape-oil put up as in first experiment on boiled linseed resulted, in two trials, in 
the box and cotton being found in ashes within ten hours. The box being put up 
at night, the result was only observed in tlio morning. In one trial the cotton did 
not ignite in six hours. The chamber in the cases of this oil and raw linseed was 
kept about 170° Falir. ; with the five following oils at a little over 130° Falir. The 
quantity of w^aste used was loosely packed in a paper box, holding about the six- 
teenth of a cubic foot. 

Gallipoli Olive-oil. — The two trials made with this oil gave closely similar results ; 
in one case rapid combustion was going on in a little more than live, and in the 
other within six hours. 

Castor-oii, — The oxidation of this oil proceeds so slowly that only on the second 
day the interior of the box was found to bo a mass of charred cotton. Its spec, 
grav. (963) is remarkably high, and its chemical nature very distinct from the 
other vegetable oils tried, wiiicli no doubt lias some intimate connexion with its 
slow oxidation. 

Three oils of animal origin were tried with effects very distinct and instructive. 

Lard-oil, an oil of an ordinary specific gravity, viz. 916, produces rapid com- 
bustion in four hours. 

Sperm-oil, which has a specific gravity of only 882, and is not a glyceride, 
showed its unusual cliemical cliaractor by refusing to char the waste. 

Seal-oil, which has a strong lish-oil odour, not unlike tlie sperm, but a specific 
gravity of 928, produced rapid ignition in 100 minutes. 

Comparing raw linseed with lard- and seal-oils, it would appear that the state- 
ment is not altogether correct, that dryis^g oils are more liaole to spontaneous 
combustion than non-drying oils. The author has also some reason to believe that 
the rate at which oxidation takes place does not chit^lly depend on the presence of 
small quantities of ozolized or otlier easily piitrt'fiable matters, but rather on the 
particular olein. However, further inquiry on this point is m^cessary. 

The author made nt least two experiments with each oil, and got remark- 
ably uniform results. The ignition of the cotton can bo calculated on for any oils 
with about the same certainty as the point at which sulphur or other combustible 
material takes fire when lieatod in the air ; so that the term spontaneous combus- 
tion may be objected to, for the same reason that Gerhardt objects to spontaneous 
decomposition produced by oxidation. 

The heavy oils from coal and shale being cliielly tlie liiglier okifines, have a 
remarkable effect in preventing this oxidation, undoubtedly by giving a certain 
protection from the air. Mixtures of these oils with 20 per cent, rape, gave no 
indication of heating whatever at 170° Fahr. ; and even seal-oil, with its own bulk 
of mineral oil added to it, did not at 135° reach a temperature sufficient to char 
the cotton. 

The author hopes that these remarks will lead to a more elaborate inquiiy into 
this subject, both for scientific and pi’actical purposes. 


On the Dust thrown up hy Vrsuvws danny the late Enqoimu 
By George Gladstone, F.C.S. 

During the eruption which took place this spring a largo quantity of line powder 
which had been ejected by Vesuvius filled the atmosphere, and wfus deposited over 
the surface of the country around. Some wdiich tell at Casa Miceiola, in the 
Island of Ischia, at 25 miles in a direct line from the volcano, was collected and 
subjected to examination. It proved to consist entirely of silica and the magnetic 
oxide of iron. The microscope showed that the grains were very uniform in size, 
and consisted of an aggregation of quartz crystals dotted over with still more 
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minute crystals of the iron-ore, possessing a high metallic lustre. By boiling tlie 
sand for a sufficient time in hydrochloric acid, the whole of the iron was removed, 
and nothing but the perfectly white quartz remained. The specific gravity of the 
sand was 2*68, and the grains would just pass through a wire gauze, the apertures 
of which measured the 10,000th part of a square indi. 

On comparing this with some ironsand Avhich occurs mixed with the soil in 
some parts of the country round Vesuvius, the chemical composition was found to 
bo the same, though the grains of tlio older product were rather smaller, and pre- 
sented under the microscope an unmistakably water-worn appearance. The spe- 
cific gravity of these was 4'67 ; and they were more readily attracted by the magnet, 
on account of their possessing a larger proportion of iron relatively to the quartz. 

^ Both samples differ from the magnetic ironsand of New Zealand (most probably 
ejected from the volcano Mount Egmont) in not containing titanium ; neither do 
they contain by any means so large a proportion of iron oxide as compared vidth the 
siliceous nucleus. 

It is probable that the sand which fell during the recent eruption of Vesuvius 
varies considerably in the relative proportions of iron and silica, and that as the 
heavier or the lighter substance prevailed would be the distance to which it would 
be carried by the wind from the mouth of the volcano. 


0)1 filiform Native Silver, By J. H. Gladstone, Ph.D.f FM.S, 

Native silver occurs either in bunches of crystals or in threads or wires twisted 
in every direction, and often bent at sharp angles. TIio fibrous or filiform silver is 
tough and non-crystalline, though the threads are sometimes incrusted with crystals 
of the same metal. It occurs iu association with a variety of minerals ; for instance 
with quartz in Cornwall, with pyrites in Saxony, with calc-spar in Norway, and 
with greenstone in Chili. 

^ Now both idectroly sis and the replacement of silver in solution by a more posi- 
tive metal give the silver in a crystalline condition, and the crystals often closely 
resemble those found in nature. But if nitrate of silver dissolved iu water is 
allowed to act upon suboxide of copper, there shoot forth after a little time white 
filaments, which often run rapidly forwards into the liquid, or twist sharply round, 
or perhaps even double back on tlmir course precisely liko tlie native filiform 
metal. This under ordinary circumstances is only visible by iiieans of the micro- 
scope, and most of the threads are so fine that their diameter is oiily about the 
vTood inch, and a grammo of such wire would .stretch from London to 

Brighton. Many are very much finer than this, while others again are much 
thicker. They never ramify^ or show the usual signs of crystalline structure. 
Crystalline silver, however, will sometimes be deposited on th(^S(‘, filaments, or they 
will terminate in thick crystalline knobs ; and under certain circumstances crystal- 
line tufts may make their appearance from the commencement. As the silver 
grows, the yellow or red suboxide of copper becomes black in colour. The reaction 
might be supposed to bo 

2 (Ag NOJ + Cu,0 = 2Ag+CuO + Cu (NO^), ; 
and no doubt this decomposition occurs j but the solid residue was found to con- 
sist not merely of black oxide of copper and threads of silver, but also of an inso- 
luble basic nitrate, 

Mineral suboxido of copper was found to give the fibrous metal with silver 
nitrate, just as the oxide which had been artificially prepared ; but attempts to 
prepare the metallic threads by means of the chloride of silver in saline solutions 
were unsuccessful. 


On the inviual lulpfxiloess of Chemical Affivity^ Heat, and Electricity in 
proditcinr/ the Decomposition of Water, By J. II. Gladstone, FJl.S.j and 
Alered Tribe, F,0.S, 

Soime metals are able of themselves to displace the hydrogen of pure water, while 
other metals are unable. Zinc, if perfectly pitre>, is j wet incapable of doing so 5 but 
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if it be brought into contact with another metal still further removed from the 
power of etfecting the decomposition of water, the electric force started by the con- 
tact of the two metals enhances the chemical affinity sufficiently to make it effec- 
tive ; or (otherwise expressed) the joint tension upsets the state of equilibrium 
between the oxygen and hydrogen. The junction of the metals may bo made 
outside the water by a wire, and the amount of action may be determined by a 
Thomson’s galvanometer. The effect of varying the distance of two plates of zinc 
and copper was tried ; and it was found that the chemical action increases slowly till 
the plates are within about an inch of one another, but on continuing to bring them 
nearer the action increases at a rapidly accelerating ratio. If the ^vater be heated 
when it is exposed to this joint action of chemical and electrical force, it decom- 
poses more readily. In experiments made with two plates about 1‘5 inch distant 
Irom one another, the deflection of the galvanometer showed that the effect of 
raising the temperature from 40° C. to 80° G. was more than double of that between 
20° 0. and 40° C. ; but in an experiment made where the copper was deposited iu 
a spongy condition on the zinc, and the hydrogen gas produced was collected, the 
following numbers were obtained : — 


Mean 

temperature. 

Duration of 
experiment. 

Hydrogen 

collected. 

Hydrogen 
per hour. 

2*2 C. 

.3 hours. 

cub. centims. 
3*4 

cub. centims. 
1*1 

22-2 „ 

? V 

46 minutes. 

IM 

5*5 

34-4 „ 

30*4 

13*9 

66 0 ,, 

16 „ 

15*5 

02*0 

74-4 „ 

10 „ 

29-i 

1740 

93-0 „ 

^5 u 

440 

528*0 


The last column shows the extraordinary acceleration of the action due to heat. 

Magnesium is capable by itself of decomposing water ; but its action is greatly 
increased by touching it with a piece of copper, and some of the hydrogen gas then 
makes its appearance on the copper plate. 

If instead of magnesium we take a metal less capable than zinc of decomposing 
water, we still find a deflection of the galvanometer if it be united with another 
metal still more negative.” The order for pure water seems to be : — platinum, 
silver, copper, iron, tin, lead, zinc, magnesium. 

Experiments were made on the eilect of electrical action by using fhe force 
generated in one cell of Daniell, instead of the force generated by the contact of 
the metals experimented on. It might bo infeiTed that the electrolysis of water 
would be more easily effected between poles made of a metal that has a consi- 
derable affinity for oxygen than between poles of a metal which has little affinity. 
And so it is. When zinc poles were used, there was foimd to be more than double 
the action that there was when platinum poles of the same size and at the same 
distance were employed. The order of efficiency for poles in tlie electrolysis of 
water seems to be : — platinum, tin, silver, copper, iron, lead, zinc, magnesium. 
After a few minutes the power of tin was found to rise above that of copper. The 
other metals are in the same order as in the previous list, where they themselves 
produced the electricity by their joint action on water. 

The effect of heat on the electrolysis of water was tried with two zinc poles. 
The deflection increased about fourfold between 6° C. and 80° 0., and the action 
increases nearly passu with the temperature. 

If instead of employing two poles of the same metal we use dissimilar metals, 
we have a current established by these two metals which, according to its direction, 
either adds, to or subtracts from tho current originating in the Baniell’s cell. 
Thus if two poles of platinum be employed the effect with water is very minute ; 
but if the negative polo be replaced by one of zinc, pure water is decomposed by 
one cell of Daniell’s battery with visible evolution of hydrogen gas. The ejcperi-^ 
WPt Yraa perforpred (quantitatively with poj^is of silver and zinp,, , ^ , u. , » 
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Positive^ Negative, Deflection, 

Silver. Silver. 27 

Zinc, Silver, 52 

Silver. Zinc. 7 

Zinc. ^ Zinc. 33 


When, therefore, the dissimilar metals were employed as poles, tlie decomposition 
of the water was not the mean of that producible by silver and by zinc, viz. 30, but 
30 4- 22 when the two forces acted in the same direction, and 30 — 23 when they 
acted against one another. 


On a Powerful Galvanic Battery. Bij the Rev. II. IlroiixoN, M.A, 

The following combination forms a cheap and simple gdlvanlo baittny, with no 
fumes or other inconveniences. Tlie negative plate is carbon packed in a porous 
cell with precipitated sulphur, peroxide of manganese, and graiiulalcd carbon, filled 
lip with dilute acid. Sulphuric is the best. Rur the positiv e plate, zinc is placed in 
a solution of caustic potash or soda. 

The author stated that the potential is about 2-G or 2-7 volts, and nearly 50 per cent, 
higher than a Grove battery, and that one cell will abstract magnesium from its salts. 
The internal resistance is rather large. If a solution of common salt l)o used for tlio 
positive, the potential is about 10 per cent, higher than a Grove j and with dilute 
sulphuric acid in the positive part of the cell it is about tin? 'same as a Grove. In 
the last case there is no occasion for tlie sulphur i)i the negative. The internal 
resistance of this last form is small j in the second form not great. 


On the effect nj} 0 )i Meteoric Iron, as regards the eapahUltg of being forgnf of 

grrevlous heating to redness or lohltencss in vacuo. Ry rrofessor J. AV. M vr.Li'U’, 
University of Flrglnla, 

Three specimens were exhibited of meteoric iron from Augusta Oo., Virginia, 
Of these, the first had been cut from the original mass by a plauing-macdiine, and 
without further preparation had been forged into a tolerably perfect blade for a 
paper-knife. The second had been heated to strong redness in a porcelain tube 
rendered vacuous by a Sprongel’s pump (for tlie purpose of examining the occluded 
gases), and had then been with luucli diliiculty forged into a blade ot similar kind, 
in which cracks and flaws were visible. 

The third had been heated in like maimer ai vacuo, but to a white heat ; and this 
specimen, it was found, could not be forged at all, crumbling under the liammer 
when re-heated. 

The conceivable causes of this difference were briefly discussed, such as the more 
or less complete removal of tlie occluded gases, clianged slate of combination of 
the phosphorus (and sulphur), and melting out of phosphide of iron, leaving the 
iron porous. 


On the Fusion of Metallic Arsenic. 

By Professor J. W. Mallet, University of Flrglnla. 

Experiments on tliis subject made by Mr. Duiinington and Mr. Adger (students 
in the Laboratory of the Uiii\ersity of Virginia), under the author’s cliroctioii, were 
described. 

These experiments bad been undertaken in view of the generally repeated state- 
ment that arsenic cannot be fused, but passes directly from the solid into the 
vaporous state, and that an attempt to secure increased pressure by using a sealed 
tube only results in bursting the tube. The statement by Laiidolt " (given apparently 
without further details), that by using a glass tube enclosed in one of iron, the metal 
heated for some time to low redness under pressure may be melted into globules, was 
noticed only after the experiments to be mentioned liad been made. 

* Verhandl. d. niederrliein. Gesellscbaft vom 4. August 1859, quoted in Will's Jahres- 
bericht for 1859, p. 182. 

1872 . 7 
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Arsenic in the form of small fragments and coarse powder, was placed in a thick 
barometer-tuhe of soft glass and of small bore, well sealed at both ends and enclosed 
in a piece of wrought iron gas-tubing, closed at each end by an iron screw cap ; the 
space between the two tubes was filled with sand, well shaken down j and the 
whole was heated to redness by a chai’ccjal fire. Another, similar iron tube^ 
placed beside the former, served to contain several little glass tubes with samples 
of different metals, whose fusion might aflbrd some indication of the temperature 
at which that of the arsenic occurred. 

Arsenic thus treated was found on cooling to have fused into a perfectly 
compact, crystalline mass of steel grey colour and brilliant lustre, of sp. gr. =e0-709 
at 1U“ 0. _ 

It possessed a considerable degree of cohesive strength as compared with 
common sublimed arsenic, and even seemed to exhibit faint traces of flattening 
before crushing under the hammer. It gradually tarnished on exposure to the air, 
and presented all tln^ choniieai properties of ordinary crystalline arsenic obtained 
by sublimation. The temperature required for fusion lies between the melting- 
points of antimony and silver. 

The glass tube used was found greatly distended by the tension of the vapour ; 
and the siliceous sand — even when of the purest kind (from Fontainebleau) and 
previously well waslipd witli hydrochloric acid, and then with water — was cemented 
togetlier (in a way very interesting in connexion with the history of metamoiq)liism) 
into a kind of artificial sandstone. 

Specimens of fused and seinifused arsenic, and of the tubes surrounded by a thick 
crust of compacted sand, were exhibited to the Section. 


On the occurrence of Native Suljohuric Acid in Eastern Texas. 

BiJ Professor j. W. Matxet, Universiti/ of Virymla. 

Not far from the Gulf of Mexico, and within twenty-five or thirty miles to the 
westward of the Neches river, there occur at several localities (in some instances in 
the woods, in others in the midst of open prairie) small drainage wells and shallow 
Ijools of water strongly sour to tlie taste. This .souriuiss is due to the presence of 
free sulphuric acid, which is accompanied by various salts, especially alumiiiiuni and 
iron sulphates. At most of these points gases are continually escaping (hydrogen 
sulphide, marsh-gas, and carbonic anhydride), the bubbles burning readily on the 
application of a light. 

At the bottom of the water, in some instances (as at one point where, by means 
of an artificial bank, a pond has been formed some 250 feet in diameter, known 
locally as the Sour Lake an earthy crust with intermingled free sulphur is 
observable. 

A thick, iarry variety of petroleum is found oozing from the surrounding soil, 
occasionally to such an extent that sods taken up with a spade are set on fire, and 
used to give light in the open air at night. At a point in Louisiana, some fifty or 
sixty miles further east (where, however, the acid water does not occur, though 
combustible gas and petroleum are met with on the surface) a nwst remarkable 
bed of native sulphur, 100 feet in thickness, has been reached at the depth of 
450 feet by boring, and a shaft is being at present sunk for its exploitation. This 
large mass of native sulphur is more or less mingled with calcium carbonate, and 
underlain by gypsum. 

The circumstances connected with the occurrencG togetherin this region of com- 
bustible gases, petroleum, sulphur, sulphuric acid and gypsum, are of great interest 
in relation to the mineral history of native sulphur. 

The sulphuric-acid water, which seems to he probably altogether of superficial 
origin, IS worthy of notice from the unusual strength occasionally attained. The 
water varies very much at the different localities and at different times. In one in- 
stance a specimen examined by Dr. Mallet contained no loss than 5*290 grammes 
free sulphuric acid (H,SOJ to the litre, or ,370 grains to the imperial gallon— this 
exceedmg any amount hitnerto reported from other localities, unless the acid spring 
of the Paramo de lUiiz in New Granada bo an exception, examined by Lewy, who 
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does not state precisely how much of the very large quantity of sulphuric acid found 
is uncombined with bases. The water of the Rio Vinagre, flowing from the volcano 
of Piirace in the Andes of Popayan, as described by Humboldt and Bonssingault, 
contains only 1 T1 of free siilpliuric acid (SO, ?) in 1000 parts of the water, with 
•91 of hydrochloric acid. 

It is said, on the authority of Confederate officers having served west of the 
Mississippi, that during the blockade of Southern ports the galvanic batteries of 
teh'grapli offices in Texas and Western Louisiana were worked with this native 
sulphuric acid. 

On t/ie occurrence in recent Pine timber of FicJdellfey a ILfdrocarhon liitlierio 
onhj Icnown in a fonsil state. By Professor J. W. University of 

Vi ry ini a, 

nearly colourless crystalline crusts found in clefts between the annual rings 
of growth of a log of long-leafed pine (^Pinns anstralU) in Alabama, woriH found to 
dissolve in boiling alcohol (more easily in ether), and on cooling to crystallize with 
greater distinctness in monoclinic forms. 

A speciimm was exhibited of ibis material purified by two or three recrystal- 
lizations. It had laam found to agree perf'ctiy in physical and chemical pro- 
perties with the Ficlitelite of Hromeis and Clark, and on analysis yielded 

Carbon 

Hydrogen, . . .IIPL 



ogreeing with the formula x (C'JT^). The fusing-point was found = 45^ C. 


On Dr. MoffaCs Tube Ozonometer, By T. Moffat, F.O.S, 

The tube ozonometer is a square lube of four inches, and four feet long. It is 
carried upon a post nl)(nii four feet high, and turns upon a pi\'ot, so that the opening 
is kept constantly to the wind by means of llanges. In the middle of the upper 
surface there is a slit, through which a clip passes into the tube, by which is sus- 
pended a lost-paper. 'Jdie test-paper is changed every morning and evening. Twdee 
daily the quantity of air which passes through the tube is ascortaiiKnl by means of 
Hiram’s 4-|-incli anemometer. At each observation the mimbers registered by the 
anemometer are reduced to square feet. 


On the Action of PJtosphorus on AUxtIine Solutions of Metals. 
By Hr. OrrFNHEiM. 


On the Crystallization of Salts in Colloid Solutions. By Hr. OrR. 


The Crystalhcjrajdiic System of LeuntCy Idihccio s^ipposed to be regidary is 
quadratic. By llcrr G. voM Rath. 

Any one observing the crystals of Leiicite implanted in the cavities of the lime- 
stone blocks ejected by Monte Somma, the ancient crater of Vesuvius, may see cer- 
tain streaks covering their faces. The phoiioineiion will bo found continually re- 
curiing, and in fact to bo characteristic of the crystals of Leucite. That they obey 
a rt'gular order is seen in fig. I, The streaks are paralltd, either to the shorter 
edges, or to the symmetric diagonals of the trapezoidal faces. Parallelism between 
tlie streaks and the longer edges does not occur. If the streaks extend to an edge, 
they pass it and continue on to the neighbouring face in such a way that the streak 
always remains in the same plane. This plane, if we consider the form of Leucite 
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a re^lar icositetraliedron, cuts off the symmetric corners of the Leiicite-form ; 
that is to say, this plane is a face of the rhombic dodecahedron. 

Examining the nature of these streaks, the author found them to be not merely 
superficial, but to correspond to plates of twinning. Sometimes the streaks are of 
a perceptible thickness, allowing the observation that their surface reflects light in 
a somewhat different position from that in which the face reflects it, in which the 


Fig. 1 . 


Fig. 2. 




streaks are imbedded. When, for example, a face reflects light in siicli a manner 
that it is brilliant, then the streaks are dull. If now the crystal is turned round 
an axis parallel to these streaks about 5^, tlie plates of gemination become bright, 
whilst the face itself becomes dull. If the experiment is made where the streaks 
run in a diagonal direction over the faces, a smaller rotation (about 3 is reg^iiired. 

It must be remembered, liowever, that in tlie regular system a gemination 
parallel to a face of the rhombic dodecahedron is not possible. Therefore it follows 
that the crystals of Leucite above described cannot btdong to the regular system. 

In order to verify this conclusion, the author examined the crystals, and found 
those edges which ought to be identical, supposing the system to be “regular,” dif- 
fering from one another to the extent of 3"" 52'. The form of the Leucite is qua- 
dratic ; the supposed icositetraliedron is a combination of a square octahedron o with 
a dioctahedron ^ : 

o=-(a : a : c), P, 

i =(!« : \a: c), 4r2. 

Furthermore, the author observed the following forms of the first acute octahe- 
dron (w) : 00 rt : c),2P 00 5 the first quadratic prism (a : a : oo c), oo P. 

With regard to the twinned forms, a face of the octahedron (J^a : ol' a : c) is the 
twin -plane. 

The parametric ratio of the axis of Leucite is the following : 

a (lateral axis) : c (vertical axis) =1*8098 : 1, or 1 : 0*52037. 

This ratio was derived from the measure of the lateral edge of the dioclahedrou 

i:i=133^58'. 

The following angles arc calculated from the parametric ratio above mentioned. 


Polar edge of o =136 3 

T.ateral edge of o . . . . = 73 19 

Polar edge of ?/ =118 19 

Lateral edge of « 92 50 
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The polar edges of the dioctaliedron t are 146° 9' 28" and 131° 23' 16", Calcu- 
lation gives the following angles : — 

0 : 2=14(5 37 
u : 0=149 9^ 
ti : i =160 1 

For the twin we have the angles 

. . ‘ 

0 : 2 or 0 : 2 = 175 8.V 

2 : 2 = 170 

The following measures will show how perfectly some of the crystals arc developed. 

Crystal 1. 

0 : o' =130 (> (calculated 130° 3'). 
o': o'' = 129 68 (imperfect refl(‘Ction), 

1 : i =133 58 (calculated 133° 58'). 

{ \ i =1 34 0 another edge. 

i : i =133 55 „ „ 

2 : r =131 24 (calculated 13F 23}'). 

2 : 2 ' =131 23 

{ : i" =14(5 8 (calculated 14()° 9}'). 
i : i' =14(5 12 „ „ 

2 : 2 " = 146 10 „ ,, 

Crystal 2. 

2 : /' =131 23i 
2;;>? =131 23" 

2 : 2 " = 14(5 9 

i, : t’ =146 (5 

2 : t " =14(5 13 

2:2 = 133 59 

0 : i =146 36 (calculated 146° 37). 

0 : 2 =146 37 „ 


Crystal 3. 

0 : 2 =146 :»8 (calculated 146^ 37'). 

0 : 2 * =14() 

0 : 2 =175 8 (calculated 175° 8}'). 

0 : 2 =175 11 jy „ 

Each measurement deals witli a dillerent edge. 

These data are an exact confirmation of the deduction made from the law of 
twin forms. The crystallographic system of Leucite is quadratic, not regular. It 
might be supposed that perhaps tlic crystals of Leucite implanted in the cavities or 
geodes of the matter ejected by Vesu\ius were different from the Leucites included 
in the lava of Vesuvius and of the neighbourhood of Home. The author therefore 
made an analysis of the crystals measured above, and found the following compo- 
sition : — 

Silica 65*21 

Alumina .... 23*70 

lume ’ 0*43 

Potash 19*83 

Soda 1*21 

100 ^ 

Specific gravity=2*479. 

The composition of the quadratic Leucite is therefore the same as was re- 
quired by the formula j and we must conclude that all Leucite, implanted or 
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-included, ia quadratic. The way in which the octahedron and* dioctahedron are 
balanced in Leucite ia an exceptional fact in mineralogy. The streaks seen on 
Leucite under the microscope by polarized light are now explained; they are 
twin plates. And the double refraction of Leucite is explained. It is not ne- 
cessary to have recourse to the lamellar polarization of Liot in order to explain 
the double refraction of Leucite, 


On a Curve Illustrating the British Gold Coinage, 
Bg W. CiXANonKii IIoberis, I\C.8. 


On (he Amount of Heat required to raise Elementary Bodies from the absolute 
zero to their state of Fusion. By E. Schenk, Fh.T). 

The scale of absolute temperature is now so much used in the mechanical theoiw 
of heat, that thebbsolute zero of temperature basin some degree lost its hypothetical 
character. Now, if we assume that a body at — is completely deprived of heat, 
we can calculate the toUd heat present in it at any other temperature, provided that 
we know either all or several of the following data — the specific heats in its three 
states of aggregation and its latent heat of fusion and of vaporization, besides its 
melting- and its boiling-point. As it appeared to me of interest to compare the total 
heats possessed by ditierent bodies in analogous conditions, I intended to calculate 
them first for the gaseous state, as it was likely that any relationships existing 
between them might then be exhibited in the most simple manner, Finding, how- 
ever, that, with the exception of water, there is not a single body with regard to 
which all the required data are known, I was obliged to confine myself to a few 
elements, of which the specific heat in the solid state, the melting-point, and the 
latent heat of fiuidity have been determined. I calculated first the total amount 
of heat required by these bodies to be raif^ed from the absolute zero of temperature 
just to the point of fusion, by multiplying their specific heat in the solid state into 
the melting-point, as expressed in the ‘absolute scale, and adding to the product the 
latent heat of fusion. The results ar(5 given in tlie last column but one, but do not 
seem to exhibit any peculiarities. TJio.t some of these numbers are almost exactly 
half as great as others, may bo mere chance. By multiplying the numbers which 


Substance. 

Melting point 
from 

Specific 
lieat in 
tlic sdid 
.'slate. 

Latent 
lieat of 
fusion. 

Total beat 
required to 
bring 1 
gramme 
fi'om 

— 73° to 

the state 
of fusion. 

Atomic 

weight 

• 

Total Heat re- 
quired to bring 
atomic propor- 
tions expressed in 
grammes from 
-273'= to the 
state of fu.sion. 

0'’C. 

tlic ab- 
solute 
zero. 

Zinc 

4;« 

700 

O-OorjCf) 

28-1 

or. co X 

05.2 

11 

Cadmium 

n20 

593 

005009 

13-(*) 

472 X 

112 

= 5280-4 5*2 

Tin 


508 

005(J23 

14*25 

42-81 X 

118 

= 6051-0 5-0 

Lead 

m 

005 

00314 

5-4 

24*39 X 

207 

= 5048*73 5-0 

Silver 

1000 

1273 

005701 

21-1 

93 07 X 

108 

=]0]10-36 10-1 

Bismuth 

270 

513 

O'OSOG 

120 

29-2 X 

210 

= 0J32 0-] 

Mercury 

-00 

234 

003,102 

2-82 

10-289 X 

200 

= 2057-8 2-0 

Iodine 

107 

380 

1)05412 

11-7 ' 

32-20 X 

127 

= 4097-02 4-0 

Sulphur 

115 

388 

•20259 

9-4 

89 X 

32 

= 2848 2 8 

Bhosphoriis 

U 

317 

•18870 

5 

04-81 X 

31 

= 2009-1 2-0 

Bromine 

-7 

206 

•08432 
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Water 

0 

273 

•505 

79 

210-805 X 

18 

= 3003-57 3-9 

Sodium Nitrate. . . . 

310‘5 

583*5 

•27821 

03 

225-33 X 

: 85 

= 19153-05 19-1 

Potassium Nitrate. . 


012*5 

•23875 

47-4 

193-5 X 

: 101 

= 19548-6 19-5 
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express the total heats possessed by equal weights (we may say by 1 gramme) of 
different elements oy the atomic weights of the corresponding elements, I obtained 
the numbers tabulated in the last column, in which we at once observe a remarkable 
coincidence of the numbers for the elements cadmium, tin, and lead. Besides, it 
deserves to be noticed that the second figure is in all cases either 0, 1, 2 or 8 ; so 
that if we retained only the first figure, with the second as a decimal, the numbers 
obtained would not differ very much from whole numbers. 

As the experimental data which I have used, although the best obtainable, leave 
much to bo desired, and as from the recent experiments of Weber it appears that 
the specific heat varies with the bunperature, 1 will not venture upon any further 
remarks, but confine iu 3 ^self to drawing attention to the fact that between the total 
heats possessed by different bodicis in comparable conditions, there .scon to exist 
numerical relationships which possibly may come out more clearly when more data 
are bo known. 


Od an improved form of Filter Pump, By T. E, Tnouri:, 

In the St. Petersburg Correspondence of the ^ Bench te der Dtiiitschen Ohemischon 
Gesellschaft’ (No. 7, 1872), Dr. Mendelejeif described a new filter puiiij), constructed 
by ITrn. Jagno, of Moscow. It consists of a tube about 1 metro in length, and from 
8-10 millimetres in diameter, to the side of which, at about 3'5 centimetres from 
the upper end, is affixed a side tube about 5 centimetres in length. The upper 
end of the vertical tube is cut slantwise, and is connected by means of a strong 
caoutchouc tube with a stopcock iu connexion with the wat(a’“Siipply. In the hori- 
zontal side tube is also fixed a caoutchouc tube at least 1 centiuictre in outside 
diameter, the walls of which must be not h‘ss than 2-^1 millimetres in thickness. 
The end of this caoutchouc tube is pushed within the horizontal side lube, and ends 
ill a Bunsen’s valve ; i e. a piece of gla^s rod is inserti^d into the end, and the tube 
is cut by a single blow on a chisel. The edges of the slit arc thus sharp, and on 
outward pressure being applied to the tube, they readily and completcdy adhere, 
making a perfectly air-tight conjimctiou. The other end of tlie caoutchouc tube is 
connected with the vessel to he exhausted. On allowing water to How through the 
vertical tube, the caoutchouc tube rapidly pulsates from the opening and shutting of 
the valve. Energetic suction is thus set up j and it is easv by the fall of water 
through the 1 metre to obtain a vacuum equivalent to 700 millims. of mercury. The 
working of the apparatus obviously depends upon the principle of the hydraulic 
rani; it is readily set up at a small cost, and will doulilk'ss take the place of tlio 
Bunsen filter pump, as it obviates the necessity of a fall of 30 feet. There are a 
few disadvantages comiocted with the use of the caoutchouc valve above described : 
owing to the diminution of its elasticity by long-continued working, its elhcacy 
diminishes after a fime ; it not only fails to bring about rapid exhaustion, hut it 
permits of the back-tlow of the water so soon jus the conjunction of its talges ceases 
to ho perfect. To obviate these inconveniences, the author has devised an improved 
form of valve. At the end of the side tube is a fuimel-shaped cone of metal, pierced 
near its apex vrith a number of holes ; into the cone is fitted a .sheet of unvulcanized 
caoutchouc, sliaped like a filter; this presses agjunst the sides of the cone, and 
effectually prevents the entrance of air or water from without. The slightest 
pressure from within is sufficient to disturb the Jidhesion of the caoutchouc and cone, 
and to allow of the transmission of air through the holes. 

This fr^ni of valve is of a more permanent character than the other, and allows 
of a moie rapid exhaustion. In the new form of the instrument a manometer is 
attached to the side tube to ascertain the degree of exhaustion ; and by ji screw and 
spring tlie rate of exhaustion can bo regulated with the utmost nicety. Further, 
by means of a clamp arrangement, the vacuum within the pump can bo maintained 
without disturbing the screw, if it should be suddenly necessary 1o^ disconnect the 
caoutchouc tube from the piece of apparatus to be evacuated. This form of filter 
pump has the great advantage of portability over the original one of Iffinsen ; it 
may 1 x 5 constructed in such a manner that it can be readily transported to any pai*t 
of the hiboratory ; and it necessitates no alteration in the existing arrangements of 
pipes and fittings, 
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The Precipitation of Silver hj Copper, By Alfred Tribe. 

It lias been recently shown by Dr. Gladstone and the writer that copper covered 
with precipitated silver removes dissolved oxygen, as cuprous oxide, from a solution 
of copper nitrate containing air, and also that the silver-copper couple moistened 
with the same liquid removes oxygen, not only from the air, out from other gaseous 
mixtures. 

In the course of the above and other experiments, it has been necessary to com- 
pletely precipitate, at various times, large quantities of silver by copper, and it has 
been noticed that the metal so obtained, after being thoroughly washed, always 
contained copper. The constant presence of this metal was considered due to dis- 
solved oxygen in the silver solutions, or to the absorption of that gas from the 
air, by the produced copper nitrate, during or subsequent to the precipitation. 
The experiments made with the view of ascertaining the correctness of this suppo- 
sition are tabulated below. 

In each experiment there was employed an excess of copper, and in experiments 
C to I about the same volume of solution. In A and B, pieces of copper foil of the 
same dimensions were placed in open basins, and coverecl to about J ot an inch with 
ordinary silver nitrate, i. e. impregnated with air. In C; D, E, bottles were filled 
with ordinary solutions, and stoppered during the precipitation. In G,H, carbonic 
anhydride was bubbled tli rough the solutions prior to tlie immersion of the copper, 
and the precipitation conducted as in C, D, E. In II, I, ordinary solutions were used. 


Experiment. 

Per cent, of 
AgNO., in 
solution. 

Duration, in 
hours. 

Copper in pre- 
cipitated metal. 

Copper per 100 
parts of prcci)>i- 
tated metal. 

A 

1-4 

24 

*018.5 

7*45 

B 

1-4 

48 

*0377 

15-23 

0 

.‘ho 

24 

•0103 

0-.32 

I) 

1-4 

24 

•0090 

1 0-77 

E 

07 

24 

*0090 

1*G1 

E 

3-5 

21 

•002.5 

0-08 

G 

1-4 

24 

*0029 

0*23 

H 

3-5 1 

3- 

' tV 

merest trace. 

merest trace. 

I 

3‘5 

o 

n 


It appears from experiments A, B, 1) that the quantity of copper is increased 
by exposing the couple, co^'cred with dilute copper nitrate, to the air, and decreased 
by precipitating in absence of air. In 0, D, I'l the actual amounts of copper found, 
being nearly the same, clearly indicate that its presence is not duo to oxygen in 
the copper employed. Moreover it is a result which would follow were the free 
oxygen m the respective silver solutions the cause, since it is probable that each 
contained about the same quantity of the gas. Experiments F and G show that the 
effect of saturating the solutions with carbonic anhydride prior to precipitation is 
to diminish the amount of copper 3-4 times, which, doubtless, is due to the partial 
displacement of oxygen by the more soluble gas. 

In the experiments C and G there existed a trace of silver in solution after the 
twenty-four hours. II and I being of short duration, there was a large excess ; and it 
is noticeable that in every case where the silver was nearly exhausted copper was 
found, whereas where there was an excess of silver the merest trace only existed. 

It appears from the foregoing experiments that free oxygen is intimately con- 
nected with the presence of copper in silver precipitated^ by that metal ; but 
whether copper exists therein as cuprous oxide, or as basic nitrate, would depend 
upon at what stage of the operation the oxygen plays its part. If the two actions 
(^. e. decomposition of silver nitrate by copper and of copper nitrate by oxygeiri be 
simultaneous, basic nitrate should be found. If, however, the decomposition of the 
copper nitrate be not effected until the silver nitrate is so exhausted as to be 
incapable of action on the produced cuprous oxide, that substance should be found. 
One experiment made on tliis point, with a weak solution of silver nitrate, seemed 
to show that basic nitrate was not formed. 
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On Specimens of Agate and other Natural Colloid Silica^ exhibited hg 

G. Unwin. 


On JDinltrohromhenzene. Bg J. F. Walker, M,A., F,C,S. 

A series of experiments were made by Dr. Th. Zincko and myself, to see whether 
the orthoraononitromonobrombenzene (melting-point 125^^ C.) and the metamoiio- 
nitromoiiobrombenzene (melting-point *30°), when treated with fuming nitric 
acid (spec. gray. l‘o) and concentrated sulphuric acid, gave the same modiheation 
of dinitromonobronibenzene, and wlietlier one or more niodilications were formed 
by this reaction. 

We found by treating the orthonitrobrombenzone in this manner, precipitating 
with water and repeated recrystallization, that only the dinitromonobronibenzene, 
which melts at 72® was formed. By treating tlie mctanitrobronibenzene in the 
same manner, we only obtained the same moditicatiun of dinitrobrombenzene, 
melting at 72®. 

Tlie melting-point of each crop of crystals was taken. 

The position^of the replaced atoms of hydrogen are not known with certainty, 
whether they are 1-2 or 1-3 or 1~1. (See Kekult^, vol. ii. p. 515.) 

Both these moiionitrobromzenes are formed by tlic action of nitric acid on mono- 
brombenzenc. 

If the position of the replaced atom of hydrogen in nionobrombcnzene be repre- 
sented by the letter o, 

the positions of tlie replaced atoms of hydrogen in orthonitrobrombenzene by 
a and X (j*= position of (NOJ), 

and in metanitrobrombenzene by a and y (//^position of (NO^)), 
then tho replaced atoms of hydrogen in the dinitromonobrombenzeno (melting- 
point 72®) must be representt'd by the letters n, .r, y, and it may therefore bo 
called an ortbo-mcta-diriitromonobrombenzcne. 


On the Continuous Production of Oxygen, By J. Alered Wanklyn, F,C,S, 

Tessi(5 dll !Mothay has worked successful!}" a process by which oxygen is with- 
drawn from the atmosphere and subsequently liberati'd in a state of purity. Ilia 
process consists in exposing manganate of soda to tlie alternate action of steam and 
air at a low red heat. 

By the action of steam on tho manganate of soda, oxygen is set free, a certain 
quantity of the manganate being decomposed. By the action of air the decom- 
posed permanganate is reproduced, and is ri'adv to be acted upon afresh by steam. 

Commercially the process is a success. There is a point of great chemical 
interest in the process. Tlie steam is actually taken up in the operation and forms 
caustic soda ; and it is highly probable that the following is a true representation of 
the chemical changes which lake place: — 

(MnO,)'" (Na0).,-|-II,0=n,(Na0),4-Mn02 + 0, 

lI,(Nab)2+l^In6,.-pd=(MN0,)"(Na0),-hII,0. 


On some New Methods of Analyzing the Ethers, 

J. Alfred Wanklyn, F,C,S, 

It is well known that the proportion of acid derivable from an ether when it is 
decomposed by means of alkali, may be determined with gi'cat jireeision. For 
example, the acetic acid yielded by acetic ether may bo titrated with accuracy. 
The author proposes to determine the proportion of alcohol obtainable when an 
ether is decomposed by means of alkali. The method consists in digesting a 
weighed quantity of the ether with excess of potash or baryta, and, when the 
decomposition is complete, in adding water, distilling off the dilute alcohol, and 
weighing the distillate, and taking its specific gravity. There is no objection 
to tho addition of a weighed quantity of alcohol in order to facilitate the do-"- 
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composition of the ether ; and of course this alcohol must bo allowed for after- 
wards. The author had proved that alcohol may he distilled out of a strongly 
alkaline solution with great precision. He regarded this determination of alcohol 
as one of the most precise in analytical chemistry. 

A second method, viz. the decomposition of ethers with hydriodic acid, was 
proposed. This is applicable to the fats (f. e. the salts of glycerine) ; these oug-lit 
to yield iodide of isopropyl, which might be weighed, and the weight of which 
would afford a method of determining the proportion of glycerine in the fat. 


0i\ the Manufacture of Chlorine by means of Many anite of Mm nu slum. 

By Watvier Weldoji. 

The process commences with the troatinent together, in a still, of afjueous hydro- 
chloric acid and a compound of p('roxide of manganese and magnesia, which the 
author calls maugauite of magnesium. Olilorino is evolved, and there remains in 
the still a mixed solution of chloride of maguesiuni and cliloride of manganese. 
This mixed solution is run otY into a well, from which it is pumped into an evapo- 
rating-pot, in which it is boiled down until it attains a temperature of about 300° F. ; 
it is then run into a blind furnace, in which its evaporation is continued to dryness, 
after which the dry residue is gently heated with access of air. (Jlilorine then 
comes off, and there is at the same time reproduced luauganite of magnesium, with 
which the round of operations is then recommenced. 


Preliminary Note on the Preparation of Guaranlne* 

By John Williams, F.O.S, 

The fruit of a South-Americaii plant named the Paulina sorhi/is is prepared 
and made into rolls by the Indians of Fana. i ts infusion is used as a beveragtj by the 
natives, and has an action upon the system much like tliat of cotfee or tea. Those 
rolls are found in commerce iimh'r "the name of (iiiarana and within a few 
months an infusion of this body has been strongly recommended as a cure for sick 
headache. 

Dr, Stenhouse some years back examined this guarana, and separated its active 
principle, guaranine, wliich he considers to be idtmtical with tlieine or calfoine. 

Considering it a matter of some interest, the author detcn’inined to prepare some of 
the guaranine, and first procec^ded to do so by Stenliouse’s proci'ss, winch lie found 
was a troublesome one in some respects, and did not yield tlie body so white or pure 
as was desirable ; and as animal charcoal refused to take up the colouring-matter, its 
ultimate purification became a matter of some dilficulty. This led him to devise the 
following process, which proved very satisfactory. Chiarana is reduced to very 
fine powder and mixed with one third its weight of hydrate of lime, and then 
moistened witli water and allowed to stand for an hour or sn, then placed in the 
drying-closet and thoroughly dried at a very gentle heat. Tiiis dried mixture of 
guarana and lime must now bo tliovouglily cxliaiisted by boiling benzole, and 
the benzole after filtration distilled off. A small quantity of light-coloured oily 
matter is left, which must be treated with boiling water and placed in a basin, and 
heated in the water-hath until all traces of benzole have been got rid of. The 
liquid is then filtered through n proper filter so as to separate the oil, and the 
colourless aqueous portioii evaporatcAl to a small bulk ; in twenty-four hours the 
guaranine crystallizes perfectly white and pure, and requiring no further treatment 
or purification of any kind. 

The treatment witli a little lime and solution in hot benzole is also the best 
mode of purifying the brownish guaranine produced by Stenhoiise’s process ; the 
colour is' retained by the lime, and the product is quite white. Guaranine in ap- 
pearance much resembles cafieiiie or theiiie j and there can be no doubt that it is 
identical with those bodies. The author suspects, however, that it is rather more 
soluble in cold water, not crystallizing quite so quickly as pure tlieine, and also tliat 
it is not 80 bitter. He has, however, not attempted to make any comparative che*» 
mical examination of the two bodies. 
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The yield is, as stated by Stenhouse, large in comparison with the yield from 
tea or coffee ) but the author has not yet ascertained tlie actual percentage yielded 
by this process. 

This process has boon tried with tea, and it appears to work well j but the author 
has not nad time to finish his experiments, and cannot speak with certainty. 

Ho has not yet tried the process upon colFee, and thinks it possible it may not 
succeed well upon that as upon substances containing more tannin (or astringent 
matter) and less oil in their constitution. 


On Teaching Elementary Chemistry to Boys nndcr 14 years of Age, 

By Hr. T. Wood, 

This paper showed the necessity of having a compulsory elementary examination 
in chemistry for all pupils under fourteen years of ago, before they be allowed to 
enter for the higher examinations requiring practical chemistry. 

It suggested tlie advisahility of building in all large towns a public laboratory open 
to any pupils for practical instruction in chemistry, because many of the present so- 
called teachers in chemistry, having n(‘yer Iiad practical experience in a laboratory, 
do not teach well from want of such practice. 


On a Modification of Hofmanns Apparatus for Electrolysis of Water, 

By C. J. WOODVVAKD. 

The extremely convenient arrangement of Dr. Hofmann for showing the compo- 
sition of water by eh'ctrolysis is a v(‘ry expensive one; so the author has devised a 
much cheaper apparatus, made thus. A sliallow glass has a stoneware stopper 
ground into it, tlie stopper being perforaU‘d with throe holes. Into two of these 
holes fit the tub(‘s intended to receive the gases; these tubes are furnished with 
electrodes made from ordinary platinum foil. Into tlu‘ third hole fits a tube 
enlarged at the top into a funnel, to receive the acid displaced ivs the water is de- 
composed. 


New Derivatives from Morphine and Codeine, By C. R. A. AVrigitt, D.Sc. Lond., 
Lecturer on Chemistry iu St, Mary^s Hospital Medical School, 

During the past year further experiments have been made on thederiyativesof these 
two alkaloids, in continuation of the researches described at the last Meeting of the 
Association. The principal results are as follows : — 

It was .shown previously that compounds are obtainable from codeine by the 
action of hydrohromic acid, which may he regarded as formed by a polymerizing 
action, the resulting products containing as their formuho four times as much 
carbon as the original base — and that analogous substances are formed by the action 
of liydriodic acid in presence of phosphorus, hydrogen being also added on in 
this case. Further examination has conlirimal these r(‘ 8 iills in the main, with this 
difference, however, that the action of hydrochloric acid oji codeine and morphiuo 
appears to indicate tliat tlie fornnda:) of tht'se bases are double of those uMially 
fiscribed to them, while polymerides exist containing respectively twice, three times, 
and four times as many symbols in their formula) as the original bases; so that the 
following series may bo written : — 


Codeine . . . , 

.=(J = 

C,,„ 

a.. 

NAt 

Dicodeiue . 

. =c.= 


It. 

N,0, 

Tricodeine . . 

=c"= 

V, J — 


n,,„ 

N„0, 

Totracodeino 

=c\= 

c 

'-'Ui 


N.O, 


Morphine ....=M=0,, II 3 , N, 0, 
Himorphine .,=M^=:(y^.^ IL^. 
Trimorphino . . =Mj = C^p 2 
Telramorphino =M^ = 0 i 3 ^; H^^, Ny 0^^. 


Each of these bases is apparently capable of giving rise to a large number of de- 
rivatives, the substances described last year being mainly derivatives of letracodeine 
and tetramorphine ; it has been found that the formula) there attributed are only 
one half the true ones. In the codeine aeries all these polymerides and several 
derivatives from each have been obtained. In the morphine series the polymerides 
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themselves have not yet been isolated, nor have trimorphino derivatives been ob- 
tained as yet with certainty ; but tetramoi-phine and probably dimoTOhine deriva- 
tives have been obtained : some of these are formed by the removal of the elements 
of water from the polymerides themselves, thus constituting apo- ” or anhydro- 
bodies. It appears probable that apomorphine, the earliest known derivative (ob- 
tained some years ago by the late l)r. A. Mattliiessen and the author), is really a 
derivative of dinioi|3hine. 

When hydriodic acid and phosphorus act on codeine, hydrogen is added on, 
methyl is eliminated as iodide, and polymerization is brought about, one or other of 
a series of substances being obtained, all denoted by the general formula 

by prolonging the action, substances are obtainable of the general formula 

When morph iu«‘ is subjected to the same treatment, products are found which 
are apparently absolutely identical with the corresponding codeine products ; 
much fewer derivatives, however, are obtainable from morphine, the fact of theio 
being no methyl to eliminate and thus place the substance m ti quasi-nascent con- 
dition, being probably the reason for this diilen'iice : thus all the morphine deriva- 
tives hitherto obtained by these means belong to tlic first of the above two series. 

Although most of the substances hitherto examined have energetic physiological 
actions, all these derivatives, wliethcr from codeine or morphine, are, comparatively 
speaking, inert, doses up to eight grains (0*5 grin.) being given to an adult she 
terrier without producing any symptom more marked tlian a peculiar kind of 
dian'hoea, lasting for a few hours. 

These results, together with those formerly obtained, indicate that codeine is a 
kind of methylic ether of morphine, their relative formuhe being 




0.1 o. 
1 


_It is noteworthy that both from codeine and from morphine the same compound^ 
(M^+Hig)-h 9III — 4 II 2 0, is derivable. Tlie formula of this substance, 

c„,n„.iN,(),„,8iir, 


is incapable of being halved, and indicates that these iodized bases are really 
compounds, and not bodies as at first supposed. On account of the similarity m 
properties between these iodized derivatives and the chlorotetracodeinc, bronio- 
tetramorpliine, &c. obtained by the action of hydrohroniic acid on codeine, the 
formulce of these latter are also considered to be doulile of those formerly attri- 
buted to them ; i. c. they are viewed as 0,,^ — Cj,o compounds, and not — 
bodies. Inasmuch, however, as they still contain four times as much carbon as 
the original codeine and moriihine (these bases being doubled in formula, as above 
mentioned) , the old names are still applicable ; and this class of bodies, which are 
specially distinguished by being amoiq)hous and insoluble in ether, may be con- 
veniently alluded to as the tetra-bases.^^ 

To obtain the polymerides of codeine themselves without further alteration by 
secondary reactions, the action of acids other than hydracids was examined. Phos- 
phoric acid at 200° (the aqueous solution of codeine in excess of glacial acid being 
gently boiled down) yields dicodeincj soluble in ether, amoiphous, but forming 
crystalline salts — and teti'ncodeincy much resembling in properties all the other 
tetra-bases examined, beiii" insoluble in ether and amorphous, and forming 
amorphous salts. These two bases appear to be identical respectively with the 
isomer of codeine ” of Armstrong and the amorphous codeine ” of Anderson, 
both prepared by the action of sulphuric acid on codeine. On examining this reac- 
tion a third polymeride wtis also found to be formed : this is amorphous and soluble 
in ether, but forms amorphous salts j on account of its being in many respects in- 
termediate between dicodeine and tetracodeine, it is considered to be tricodeine* 
This base is not produced by the action of sulphuric acid on dicodeine ; this action, 
however, gives rise to tetracodeine in quantity. 

The proof of the correctness of the formulae attributed to dicodcine and tetra- 
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codeine is as follows. When dicodeine is treated with hydrochlonc acid^ it under- 
goes the following reaction, 

0,, II,, N, 411014-1101= II, 04-0,2 II, 3 CIN, 4IICL 

The resulting chlorinated base is soluble in ether, and gives amorphous salts : hence 
it cannot be a tetra-base ; and hence it follows that dicodeiue has a 0,, formula. 
When dicodeine itself is similarly treated, the tirst product formed appears to con- 
tain chlorine and carbon in the ratio of 1 to .‘>0 ; whence codeine itself is a C30 body, 
Tetracodeine evidently belongs to the series designated as the ^Hetra’' series; and 
these have been shown to be 0,,, substances. Hence tetracodeine has double the 
formula of dicodeine, which is double tliat of codeine ; whence the names. 

The action of hydrochloric acid on tri- and tetracodeine, however, is quite dif- 
ferent : in the case of tricodoine, the elements of water are removed, and an 
apo ” base containing no chlorine at all is formed ; tetracodeine, on the other 
hand, undergoes no change whatever when heated for a long time with hydro- 
chloric acid. 

The action of hydriodic acid and phosphorus on codeine, dicodeiue, and tetra- 
codeine is again very different, as cxeinplilk'd in the following reactions:— 

Codeine 4C 4-dGIII=8CIl3 14-411, 0+I^, 4- { (Hid-IIn,) + 1:^111-411, 0} 

Dicodeiue ... . 2C, +25111=8011, 1+41I, O+I, 4. { (M^q.IIj 4. 0111-411,0} 
Tetracodeine. . C,+ 13111=80113 14-2H, O-f- { 4.10111-211, 0} 

With the codeine llj0 is added on to ; with the dicodeiue, 11^ only ; and with 
the tetracodeine, no 11 at all : a tetra-ba-^e results in each case. The product from 
dicodeine has the formula C,3,.II,,, ()„^, 8111, whicli cannot be halved ; the pro- 

duction of this substance (which is the end product of the reaction) shows again 
that the tetra-ba^e3 do not contain les^ than C, 

When morphine is treated with pliosphoric acid at 200'^, two products are ob- 
tained corresponding in properties to dicodeiue and tetracodeine ; these are not, 
however, the morpliine polymerides, but arc “apo" derivalivi'S therefrom. One is 
soluble in etlior, and forms crystalline salts tliough amorphous itself; tliis is pro- 
duced only in small quantity, ami appears to be itUmlical with apomorphine, 
whicli is accordingly viewed as a dimorphinc derivative — • 

2T1=41I, 04-(M' -411, 0) = 411, 0+C3, II,, N, 0,. 

The other is a letra-base formed by the reaction 

4 :m = 21 1 A) + of -'iu, o) =l>] I, < )+ 0,,, ir.,. X, 0,,. 

This latter gives rise to new derival ives vvlien treated with hydrochloric acid or 
hydriodic add; it is quite ns powerful an emetic as morpliine, according to Dr. 
Stocker’s experiments, but does not seem to produce so mindi afler-prostration. 

Most of the above products have not yad receivc'd names, on at-couiit of their 
complicated composition ; the term diapotetramorphine has been given to the last- 
described base on account of its liaving the composition of letramorphiuo minus 
two proportions of water, = 51, — 21 L O, Applying the same kind of nomenclature 
to apomorphine, this base sliould be termed having the composi- 

tion of dirnorphine minus four proportions of water, =M^, — dfig O. 

A large number of other products have also been obtained, and are now in course 
of examination. It is hoped to extend the investigation of the opium alkaloids to 
some of the k'ss-knowu ones, siicli as narceine and papaverine. In reference to 
this point the author cannot conclude without acknowledging the extreme kindness 
and liberality of Messrs, Macfarlane of Edinburgh ; during the course of these re- 
searches these gentlemen have furnished gratuitously large quantities of several 
alkaloids, including the rarer ones, and amounting m the aggregate to several 
pounds weight of materials of the highest degree ot purity. Without the help thus 
liberally bestowed, the investigations would have been impossible. 
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GEOLOGY. 

Address hj Egbert A. C. Godwin-Atjstei^, FM.S., F,0,S.f ^c,, 
President of the Section, 

The Geological Section is fortunate in respect of tliis year’s place of meeting of 
the Irtish Association. The county of Sussex presents a wide range to the geolo- 
gical observer: there is the great freshwater Wealden series, next the entire Cre- 
taceous group, then portions of the Nummulitic group, including the unique^ fossili- 
ferous beds of Eracklosham ; at Selsoy is to be seen a remnant of a definite Tertiary 
period, of which at no other place in England is there any record; lastly, the 
evidence as to local conditions during tho Glacial period is peculiarly intorcsting. 
This rich field has not wanted competent labourers, foremost amongst whom must 
be named Dr. Gideon Man tell, who in his day did so much by liis z('al and know- 
ledge to diffuse a taste for his favourite pursuit. Tlnu’e must also be added tho 
names of Mr. Martin, of Piilboroiigh, and Mr. Dixon, of Dognor. 

It might perhaps be a fitting preliminary to the local communications whicli wc 
may expect m the course of this JMeeling, should 1 here give a summary of what has 
been already done with reference to the geology of this South-east of England ; but 
to many who meet now in this Section, very much of such a survey would ho 
familiar. Instead of this I propose to call attention to what is tho peculiar feature 
of our local geology — namely, its great Wealden formation, the product of that vast 
lake or sound which, at a time before a particle of llie clialk nills of Sussex bad 
been formed, covered an area larger than the whole of the South-east of this island. 
What I shall endeavour to put before you, a point not generally understood, is with 
reference to the place of formations akin to our Wealden in the records of past 
time, to enable you to realize what were then the geographical conditions of tho 
northern hemisphere, what the distribution and extent of other areas of fresh 
water, the equivalents of our Wealden. 

Place of the Fresh- and Brachish-^raler Formations on tho Geological Scale, 

When a general view is taken of tlie successive physiog rapid cal conditions of by- 
gone geological periods, it is seen in respect of eadi, sucli as those of the Pala'o- 
zoic period or of tlie Afesozoic, of the Jurassic, Cretaceous, and Nummulitic, 
which all represent distinct periods of past time and are all the products of 
purely marine conditions, that what is at prcvsent terrestrial surface was at those 
times to a great extent covered by water, and that the great geological formations 
are merely old sea-beds. 

When on a projection of the northevn hemisphere the known cxient of each of 
these old seas is represent ed, as on the maps exhibited, it is also seen to how 
great an extent, at those times, the area of water exceeded what it is at present ; 
at each of these great periods the northeni hemisphere must have presented just 
such a preponderance of water as the southern hemisphere doo.s at present : 
and it is further to be remarked how closely the area of one period of northern 
geological submergence corresponds with the others, as the Nummulitic with the 
Cretaceous, and the Oretaceous with the .Jurassic, AVhatever tlie cause, there is to 
be seen in this a recurrence of like conditions at enormously long intervals of time. 

If next the internal evidence to be derived from these Mesozoic formations be 
taken, it is to be seen, as is familiar to most geologists, that each, when ino.st com- 
plete, presents a like order of change from its older to its newer portions. 

Over the mi(^European area, shallow-wnter accumulations, such as shingle 
and sand zones (infra-J Jassic), preceded the deeper-water shales and limestones of 
the Lias. Jurassic Oolites follow upon these, indicating somewhat decreased depths 
for the Middle Jurassic series. Oscillations of surface mark this period ; and with 
respect to its physiography, Mr. Darwin has given his opinion that tlie Malay 
arcliipelago, with its numerous large islands separated by wide and shallow seas, 
probably represents the former state of Europe, when the Middle Jurassic beds 
were accumulating. Next follow deep-water depositions, when the widely spread 
K-immeridgo series was formed, ending upwardvS with the Portland beds, 
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The Crclaceoiis group, as it is exhibited here in the south of England, where 
its vertical thickness is very great, presents in its lower beds (Neoconiian) a 
marine fauna which indicated to hkiward Forbes a limited sea, wdth depths not 
exceeding 18 fathoms. Sand-zones hundreds of feet in thickness overlie these. 
The argillaceous Ctault, in its composition and fauna, is a deep-water deposit, 
followed by shallower-waler sands (Upper Green ►Sand) indicating oscillating con- 
ditions as to depth of w’ater, to which succeeds the widely spread oceanic de- 
position of the ^yllite Chalk. Here recurring conditions come albout in lilce order 
as in the Jurassic serie'^; ami a con’espoiidiug illustration might be derived from 
the physical changes indicated in the course of the Nnmiiiulitic period. 

VVitli respect to none of these marine g(‘ological formations is there any indication 
whatever that one passed into, or was in conthuious sequence with, another, 
either stratigraphicnlly or geologically; on the contrary, wherever there is apparent 
continuity, eitlier upwards or downwards, it is by change or transition fnuu one 
sot of conditions to another wholly diilerent. Tiie purely maiino Fppor Silurian 
beds of the \V elsh border are followed conformably by the Old lied Sandstone, 
which last is now universally accepted as a lacustrine formation, the place of 
'which, in time, was iiilermediat(‘ between the middle ralinozoic group and tho 
upper or Carboniferous, which commenced with tin' so-calh'd “Devonian.” The 
positions and extent of the “ Old lied *’ lacustrine beds in all parts of the British 
Islands indicate, evim at this day, to wliat ext(mt Silurian sea-bed had become 
terrestrial surface, to which the lacustriuo basins '^ver(' subordinate. 

In the contrary direction, and in our own area, the next group, indicating wddely 
spread marine conditions, that represented by the Devonian and ^lountain-Lime- 
Rtone formations, sets in (as in Korth Devon) with shallo'w-water sands and a 
marine hiuna (Lower Devonian), in sequence to Old Kcd ” depositions with fresh- 
water iislics and crustaceans. There is no conlimiity from “ Old lied” into the 
earliest Devonian beds, any more than from uppermost Silurian into Lower Old 
Hod.” (Phillips’s Geology of Oxford, pp. 77-79.) 

The later Paueozoic ociMii-tloor, now our Mountain Limestone, in turn became 
terrestrial surface, on wliich the Coal-measures were acenmulatc*d, and over which 
tho abundant vegetation of that period oslablLhed its»If. Tho Coal-measures re- 
present so much of the surface of tlndr tiim* as, from position, favoured expanses of 
fiM'sli and brackish wjiters, and altm'iiations from oik' set of conditions to the other. 

Geologists are familiar with tlu' amount of physical cliange xvliicli took place over 
the Juiropoau ar(Mi after the coal-growth period. IJie subsoqiiout condition of surface 
which resulted is still distinctly trnccahle. The Permian-Trias period presents true 
Aralo-Caspinn conditions, pin sicallydctincd, subordinate to the sainecontineiitalarea. 

The marine Jurassic series, next in .sequence, was succeeded by that period of 
terrestrial conditions to the more detailed physiogi‘apliy of which I here propose 
to call your attention. It may suflico on this occasion to state that at the end of 
the great Cretaceous period the area of tlm^e v^cas, in our hemisphere, down to 
depths at which the great chalk floor had been deposited, became part of a con- 
tinental land, on 'vsdnch the freshwater formations of the times which preceded 
the marine Numinulitic were accumulated. 

These evidences of successive phy.rical conditions over tho northern hemisphere 
indicate an order of recurrence of convsponding conditions, and, as already noticed, 
of a progress of change which, in the course of each period, came about ill a corre- 
sponding order. Great periods, during whicli wide marine conditions p^c^ ailed, 
alternated with others of ■wide terrestrinl surfaces. The marine periods, as we 
measure thorn by the products of the agents -which seas and oceans call into action, 
must have been of vast duration. In like manner xve may feel assured that the 
groat freshwater formationa are not, as some geologists have supposed them, mere 
subordinate parts of the great marine groups, ns our “Wealdoii ” of the Cretaceous,” 
but rather true intermediate gi’oups, of equal geological value with them in the 
estimate of past time, 

The WealiJen FormaiioiU 

Mr. ^Martin proposed this designation for the assemblage of freshwater deposi- 
tions exhibited in the counties of Kent, Surrey, and Sussex, and which may be 
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described generally as consisting of thick accumulations of sands and sand- 
stones for a lower or earlier part, surmounted by a great argillaceous deposit 
(Weald Clay). Mr. Webster suggested the propriety of uniting the Purbeck beds, 
Hastings sands, and Weald Clay into one group, the whole being mainly a conse- 
cutive freshwater series. It must be understood, however, that there is not a 
definite line separating the Hastings sands from the Weald Clay : all that is signified 
is, that sands predominate for the lower, and clays for the upper portion of the 
Wealden depositions ; but just as thick bands of clay occur in the lower series, so 
bands of sandstone occur in the upper. 

The arrangement adopted by the Geological Survey, in descending order, is : — 
Weald Olay, Tunbridge -Wells Sands, Wadhurst Clay, Ashdown Sands, Ashburnham 
beds (which, in Sussex, are the equivalent of the Purbeck beds of Dorsetshire). 

The lower sands are well seen on the coast at Hastings, whence they took their 
name, and extend thence continuously to near Horsham, rising into the central 
ridge of the Wealden elevations of St. -Leonards, Tilgate, and Ashdown forests, 
On every side this tract is bounded by the Weald Clay, which extend.s to the base 
of the escarpment of the Lower Green Sand, beneath which it passes. 

This surface of freshwater strata, so defined, extends for seventy miles from 
E. to W., and has a breadth from N. to S. of thirty-five miles. Over the whole of 
this area the freshwater depositions attain a great thickness ; the lower sandy group 
may be taken as 800 feet, and tlio Weald Clay as 450 feet at least. 

To realize the conditions under which these accumtilalions were formed, the 
now upraised central sandstone ranges must be put back to their original horizontal 
position, and the whole series must he regarded as the infilling by freshwater 
rivers of what was an area of depression with reference to the terrestrial surface 
of the time. This Wealden formation can he traced far beyond the limits of the 
denudation of the S.E. counties. In a southerly direction it occurs in the Isle of 
Wight, with its two divisions of Weald Clay and Lower Sands. In this 
quarter the Weald Olay is reduced to a thickness of 08 feet. In a westerly 
direction (Swauage Bay) the Wealden sands have a great thickness, and are 
surmountea by only a thiimish hand of Weald Olay or deep-water deposit; 
and both divisions decrease rapidly in the extension of tlio formation across tiie 
Isle of Purbeck, and have not been recognized in the fsle of Portland, from whicli, 
if they even extended there, they must have been denuded olF. 

In a northerly direction, several sections about Oxford, as from Sholover Hill to 
Great ilazeley, from Wheatley to Tetsworth, from Brill through Long Crenden to 
Thame, from Whitchiu’ch to Aylesbury, extending from »S. W. to N.E. for a breadth 
of thirty miles, show Purbeck beds and freshwater ferruginous snnds passing be- 
neath Cretaceous beds. It is obvious that tlio Wealden formation has been cut 
back in this quarter, and that originally it had a much greater extension. In this 
quarter, too, the ferruginous sands overlap the Purbeck beds, showing tliat tlie lake 
had here widened its area beyond the dimensions of tlie Purbeck lake. 

From Oxford* to the Vale of Wardour is an interval of seventy miles, from over 
which the Portland Oolite has been removed, except at Swindon, at which place 
there are beds which are unmistakably referable to the Purbeck group ; and it is 
a fair inference that it is to tliis denudation that is to bo attributed the absence 
of the lacustnne depositions which everywhere on our area, and on much of 
that of continental Europe which was adjacent, follow next upon the Portland 
stage. Such being the case, the smallest possible dimensions which can be as- 
signed to the great Wealden lake, are that it extended from beyond Aylesbury 
to Portland for 120 miles, and from Portland to to the Boulonuais for 200 
miles. 

From Bye to Portland the Wealden beds pass out of sight beneath the level 
of the English Channel. The valley of the Channel is the result of the dis- 
turbance which produced the E. and W. lines of the South of England, and 
was produced subsequently to the Nummulitic period. 

Dr, Fitton remarks that, the subdivisions of the Wealden formation, especially 
at its upper part, being in some measure arbitrary, it is difficult to determine to 

* Vide evidence as to range of Wealden deposits, Phillips’s * Geology of Oxford.’ 
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wliicli of tho three gi’oups any outlying depositions ought to bo referred. (GeoL 
Trans, vi. p. 323.) 

Such a difficulty existed when corrc.sponding portions of a fomiatioii were 
supposed to require an agreement in mineral character and composition ; but it 
happened at all times, ns now, with respect to tho depositions within areas of water, 
whether of lakes or seas, that the beds which were strictly equivalent in respect 
of time, varied, from place to place, from marginal shingle to submarginal sand- 
zones, and deeper and more distant argillaceou.s or calcareous mud-beds. Con- 
sidered in this way, tho distant Oxford and Buckingham portions of the Wealdeii 
formation are referable to tlie submargiiial accumulatioiiH of tho great lake, and 
may be synchronous with Wealden clays.’^ For the threefold division of the 
Wealden series into Furbeck bed.^, Hastings .sands, and Weald clay, must there- 
fore be substituted the more natural divisions of Lower Wealden for tho lMrh( 3 ck 
series, and Upper Wealden for the scries as exhibited in tlie S.IO. of England, which 
may be of sand and sandstone or Weald clay according to local conditions of depth. 

There are indications that changes in the area surrounding the W'eiihhm forma- 
tion took place in the progress of that series. The lower and earlier sandy depo.^its 
indicate only inconsiderable depths of water. Yet the vertical thickness of" the seiie.s 
may bo estimated at nearly 2000 feet: for that area, at least, progressive depression 
must have been going on, but not uninteiTUptcdly. As regards the upper and 
lower divisions of the formation, the ditlerence consists in the greater coarseness of 
the detritus of the upper, and in the evidence of strong currents setting in definite 
directions, in an extension of the area and of an increased depth — so that at tho 
later stage a central area of deep-water depositions may he deliiied, as well as tho 
directions in which such conditions thinned away. Great changes took place in 
the depth of the water of the lake, as indicated by the alternations of tlie drift- 
sand beds with deeper- water mud dcpo.sit.s, and in places by the conversion of lake- 
bod into land-surface, upon which plant-growllis eslablislied themf>elvo3 for con- 
siderable periods of time, and which v.'cre again submerged. 

Such changes as these seem to imply change in the physical geography of the 
land region to which tliis groat freshwater area was subordinate — such, for in- 
stance, as would give rise to larger rivers, greater iniliix of fresh waters, and 
stronger currents. 

The successive conditions indicated by the great Wealden group as a whole are, 
for the lirst stage, that of an e.xtcnsive shallow lake, or sound, at the sea-lcvel of the 
time, the inflowing waters to which w'ere largely charged with lime derived from 
tho surface of Portland Oolite, from which they came. This is tho Purbeck stage, 
which commenced with a long peiiod of purely freshwater conditions. Brackisli- 
water conditions followed, with a change of fauna. MolliLsca such as Cvrhula^ 
Cardium^ ModioUij liissoa appear, presenting, as was observed by tlie late Edward 
Forbes, the change of character which tho Uaspiaii-sea molluska have at present 
in adapting themselves to brackish water. 

During the Middle Purbeck series the alternations from fresh- to brackish-water 
conditions were frequent and apparently of short duration, till linally it was closed 
as it commenced by a thick set of purely freshwater depositions. 

Tho changes in the Ihirbock .series are readily accounted for by reference to areas 
of water such as occur on the Amcrioau coast at proscul, and whicli may bo salt or 
brackish, according to tho extent to Avhich the sea-waters are ('xcluded by sand- 
bars from mixing with the fresh waters flowing from tho land. 

The S. and E. coast-lino of our Wealden lake must bo looked for beyond the 
area of our island. 


Woedden Formations of the Furojr an ^Snr/acr. 

The ellipticiil form of the Wealden elevation and denudation has its completion 
on the east in Picardy, across the English Channel. In the Boiilomiais there occur 
ferruginous sands like those of Shotover, full of freshwater shells ( Unio\ over- 
lying Purbeck limestone, and passing beneath the Cretaceous formation, just as 
happens in this countiy. These Wealden beds are not now of any considerable 
thiclmess, having been reduced by the denudation of the district. They are so 
mixed up with pebble-beds in places as clearly to indicate a marginal line, which 
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may safely be placed to the north of the Boulonnais denudation ; for the Wealden 
depositions proper hardly riso to the level of the PaloBozoic rocks of Marquise. Tho 
great fissures and pot-holes in tho limestones there, which have been produced 
under subaerial conditions, and filled with sand, mould, and much vegetable matte/i 
hod been produced antecedent^ to the deposition of tho Gault over that area. 

The Wealden beds of tho Souloimais were formed beneath the waters of the 
same lake as our own. This freshwater area had an extension soutliwiirds ; thus 
M. d’Archiac refers Jtlie mottled clays beneath the iron-sands and sandstones at 
Havre to the Wealden series of this country ; so that the limits of our lake in that 
direction; or in the south, lay somewhere along the line of the English Channel. 

Sixty miles to the south of tlie Boulonnais a district known ns tho Pays de 
Bray, which is an elliptical valley of elevation and denudation, like our own 
Wealden on a small scale, ex handing from Jieauvais to NiMifcliatel, a distance of 
forty-five miles. In this di'iiudation the lowest beds exposed belong to tho marine 
Jurassic series f Portland Kinimeridge). Next above tho l^ortland stone is a 
Wealdeu formation. ^^Les ch’^pots regardiSs comme fliiviatiles sont les plus voisins 
de r^tage Portlandien, et forment Jo groupo inferieiir dii temiiii Neocomien'^ 
(Graves, Oise, p. 60). The remains of tlie fishes, Cyrena^^ OyprideSf and ferns are 
such as occur in oiir Wealden. 

The thickness of this freshwater formation is inconsiderable compared with our 
Wealden. The separation of tlie freshwater formation from the marine I’ortland 
is well defined; not so that betwixt the Wealden and Neocomiaii : here, as in the 
Punfield section, tlie fresh wnt(jr and marine conditions seem to have alternated ; and 
the manner in wliich this talfcs place suggests the supposition that the influx of a 
considerable body of.fresli water from tlio land of the time took place not far 
from this place, 

Neufchatel is seventy miles south of Boulogne; the W^’caldcn beds, as we have 
seen, indicate that the series extended southwards from IMarquisc ; and it is no un- 
reasonable supposition that the deposits of tlie Pays de Bray were formed under 
the waters of the same lake as were those of our own AVt'tdden. 

Such, then, were tho dimensions of the W^'ealden lake, or sound. It extended 
from parts of Buckingham, on the north, half across the iMiglish Channel on the 
south, a breadth of IGO miles ; in the contrary direction it reached from Wiltshire 
far into France; beyond Boau^'ais for 250 miles. 

In another part of France; Depart, do TAuhe, M. Comuel has described a fliivio- 
lacustrine forniatiou between the Jurassic and Cretaceous formations at Vassy, 
containing Iguanodony several species of Unioj and Plcoiorbis, Tho lacustrine for- 
mation at Cimey is in a coiTosponding geological position. 

In the Jura, Villers, Forcine-lc-bas, the Portland beds are followed by hard 
bluish marls, calcareous mni'ls, and gj’psum, the wholo very like our Purbeck series. 
Theso lacustrine formations are interesting, as they seem to show the existence of a 
chain of lakes stretching across Franco into Switzerland for 2(30 miles, with a 
general direction parallel to the axis of Artois, and thus connected as part of one 
great lake-system with our Wealden. 

In France, Ddp. des Deux Cliarentes, some 350 miles duo south of our Sussex 
• coast, there occurs a great freshwater formation in intermediate position between 
the Portland Oolite and what were then the lowest bods of the Cretaceous series. 
Like our own AVcalden, this also is exhibited over a surface from which the Creta- 
ceous strata have been domuled. This formation has engaged tlic attention of many 
French geologists, more particularly of M. Coquand, who has determined its age 
and purely lacustrine character, and who puts it ns tlio equivalent of the Purbeck 
beds of England ; in this he seems to be guided by the gtmernl likeness as to com- 
position and the presence of Physa JDristowt) a well-known Purbeck species. 

The sequence of events at this place was as follows : — Subsequently to the for- 
mation of the Portland Oolite the sea-bed became terrestrial siufaco ; and subse- 
quently again to that a depression, extending from Chnteauneuf, near Angouleme, 
to by^onii tho Island of Ol^ron, became the site of a great freshwater lake. IVom 
St. Jean d^Angely to Chatenuneiif is a distance of thirty-five miles; and from 
Chateauneuf to Oldron, S.E. to N.W., is upwards of 100 miles ; but then figurep 
do not give the full dimensions of this freshwater orea, os its deposits naye 
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boon reiluccd denudation on tho north and pass beneath tbo^ Cretaceous series 
on the south. The original lake must have had a westerly extension seawards j and 
its area must have equalled that of Ijake Ladoga. 

The feeders of this lake are more easily accounted for than in the case of our 
own Wealden. Such a lake would necessarily liave received all the streams de- 
scending from the western slopes of a terrestrial surface of very ancient date, namely 
the granitic district of Central France. 

In North Germany then? is a wcdl-oxhihiiod Wealden formation, extending from 
Bentheini by Ilheine, with a breadth from N. to S. of twelve miles. From Ibbeii- 
hiisen it reaches on the S. side of the Triassic and I’aloeozoic axis of Osnaburg for 
many miles. It is everywhere in an intermediate position betwixt the Upper 
Jurassic and Lower (Jretaceoiis formations. On tlie N. of the axis it spreads for 
seventy miles to ^linden, certainly as far N. as tlie Steinlwider Meer near Hanover, 
and ns tar S. as the Ilils district. From W. to F. the ascertained extent of this 
lake is upwards of 120 miles. 

At Iknitheim the dark Wealden clays, with bands of limestone and spathic iron-* 
ore, with Cyren^f Melunue^ &c. like those of Sunsex here, are 400 meives thick; 
so that the real dimensions of this northern lake were vmy much greater than 
those hero given. 

These large lacustrine areas imply that there wiiS at that time a corresponding 
extent of terrestrial surface. And it may fairly be a*ked, a\ hat is the geological 
ovideuce of such a condition There occur over parts of Belgium llio remains t f 
such a terrestrial condition of surface beneath the lowm* Fretac(*ous bods there 
(Tourtia), consisting of variegated sands and c4ays, witli much diffused vegetable 
matter, and occasiuiuilly with IkhIs of lignite ; such surfaces can be truc(*d along 
tho lino of the Belgian coal-fi(4(l (Moiis), and oxerlviiig parts of the Pahcozoic 
series. These beds are not of suflieieiit dimensions to be termed lacustrine, but 
liave all tho characters of the de])osits of ponds and marshes ; and M. Dumont has 
properly referred them to the Wealden period. Hucliliko Lvidence of terrestrial 
conditions recur over a wide Jhirop(‘aii area ; such are the subcretnceous beds of 
pisiform iroii-ori', of subaorial origin, and the wide ar('a over which Ireslnvater 
sands with Ptvrophylbink^ Pecoptens, CyraditcHy &c. of our Wealden are found. 

The break betwixt the marine Jurassic and Cretaceous formations is very dis- 
tinct, physically and zoologically; and it may be fairly asked, in what way do the 
forms entombed in tho procliicts of tluj intercalated period of tern'striul-snriaco con- 
ditions serve to throw any light on what took place during that long interval oj£ 
time? 

That the earliest Purbeck-Wealden fauna should have Jurassic relalions — that is 
to say, that it must have s\ncliroiiized with siicli wherever that formation waa 
being continued, is oidy what might be expected; for llie w'hole of the bed of tho 
Jurassic seas in the northern hemisphere was not coin cried into subaerinl surfaco 
at once. Midway in the (!ourse t)f the Ihirbeck- Wealden series there is evidenco 
of the recurreaice of marine conditions, with Portlaiidian forms, such as Ostred 
didorfa and llemicidaris jn/;7>cc7i7v/.s*«A’. Jt was on this ground that Prof. E. Forbea 
suggested the propriety t)f placing the Piirbeck series with llio Jurassic in syste- 
matic grouping ; for it showed that up to tho time of the IMiddle Purbeck beds 
the marine fauna of the nearest seas w^as still Jurassic. 

Tlio considerable extent of land surface in the northern liomisphoro during tho 
xvholo of the marine Jurassic periotl, and tlie local conversion of any portions of 
such sea-bed into land, wliether in tlie course of the deposition of the Lower 
Jurassic series (Stoiicsiield), or between the lower and middle (Jlrora, Stailin), or 
at the uppermost stage (Portluiidj, xvould be merely tho addition of so much more 
to the existing land. 

The forms of life 'which would coloiiizo such new surfaces would be such OS, 
migrated from the older adjacent lands; if any chnngo took place in the faunifc 
or flora of such old land-surface in tlm course of the production of tho marina 
Jurassic series, it would be recorded in the forms eutoinlcd in the laaustriixa 
formations of the several stages here alluded to. 

The fossil plants and freshwater shells from Brora, Loch Stallin, and the 
Weaiden seemed at first to certain ’well-known aiid competent naturalists to show 
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that an identical set of forms ranged throughout. A minutely critical examination 
has since indicated shades of dilferenco ; yet it may he questioned whether such 
are greater than different localities in the same zoological province now present, 
allowance being made for differences in the conditions of these old estuarine and 
lacustrine areas. 

The relations of the land-surface forms of the Wealden formations of the 
European area have been recognized by all naturalists as being Jurassic rather 
than Cretaceous. In this the Purbeck-VVealden group offers an exact counterpart, 
zoologically and geologically, of the Fermi an-Trias group ; just as the marine zoolo- 
gical relations of the Permian are Palaeozoic, so those of the Piirbeck are Jurassic; 
and when next after each of these, and after the wide spread of purely marine con- 
ditions over the northern hemisphere at each period, the marine fauna is seen to 
have undergone a complete change, in the one case Ihiheozoic forms go out, and for 
ever, to be succeeded by Mesozoic or Jurassic; in the other Jurassic forms go out and 
the Lower Cretaceous come in, and are those which interchange with the upper- 
most Wealden fauna at Piuifield and the Pays de Pray. 

Did time allow, I might call attention to the results of the labours of the dis- 
tinguished palfeoiitologists who have described the forms of life of the Wealden 
period, both of animals and plants. From them we Iciiow that Crocodiles and 
Chelonians, referable to many genera, abounded in the Wealden waters. These, 
with the Cycadece of the land, sulliciently mark the temperature of that time os being 
much higher than it is here at present. With respect to the numerous large ter- 
restrial Dinosaurs, it is observable that as yet they are nearly all peculiar to our 
Wealden lake. The relative level of this lake seems throughout to have been 
such as to have admitted of easy communication and interchange with the waters 
of the sea ; and this condition may serve to account for some of the peculiarities 
which its fauna presents. 


On the Tempemhire and other Physical Conditions of Inland Seas^ In their 

relation to Geological Inqxdry, By William P. C vnrENTKii, M.D., LL,J),^ 

KILS. 

After givinj^ a brief account of tlie Temperature-phenomena of the Deep Sea, as 
made known by recent observations (see Proceedings of Section A, p. 4H), Dr. (kir- 
penter contrasted these with the Temperature-phenomena of the Mediterranean 
and other inland seas. In the AVestern basin of the Mediterranean, the temperature 
of the surface varies with the season, from about 54° F. in winter to 70° or even 8(P 
in summer. Put the superheating infiuenco of solar radiation does not extend 
much below 50 fathoms, and ceases to manifest itself at 100 fathoms; and from 
this depth to the bottom, which in some parts lies at a depth of 1000 fathoms, 
there is a uniform temperature of 54°. From the coincidence of this uniform tem- 
perature with that which seems to be the constant mean of the earth’s crust in the 
MediteiTanean area, — as indicated by that of the deep tanks in Malta, and of a cave 
in Pantellaria, — the Author had thouglit, in the lirst instance, that it might be de- 
pendent upon snijacent warmth. Put subsequent inquiries have satisfied him that 
it is mainly determined by the average fcm^cr-tempcraturo of the area. As he 
pointed out last year (Proceedings, p. 51), the marked contrast between the tem- 
perature of the deep stratum of the Mediterranean and tliat of the outside Atlantic, 
obviously shows that depth per se has no effect in reducing Oceanic temperature, 
and that the coldness of the Sea-bottom in the Atlantic must depend on a flow of 
glacial water from the Polar area. Ilenco it may be concluded that if the Strait 
of Gibraltar were deep enough to admit the cold stratum, the temperature of the 
deeper portion of the Mediterranean would bo considerably lower than it is. Put 
as the ridge” between Capes Trafalgar and Spartel is shallow enough to prevent 
the entfance of any but the surface-stratum of Atlantic water, the winter-tempera- 
ture of which is as high as that of the Mediterranean, the latter cannot be chilled 
by it ; and the constant temperature of the whole mass of its water from 100 fathoms 
downwards may be regarded os its isochcimal^ — the solar heat to which its surface 
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is subjected in summer expending itself in producing evaporation^ and not reaching 
the depths beneath. 

In the Eastern basin of the Mediterranean, the axis of which is about 2^ further 
south tlian that of the Western, the constant temperature, as determined by two 
very deep soundings (one of tluon extending to more than 1900 fathoms) is 5(P, 
which vseerns to represent its isocheimal, — this basin being cut ott* from the intrusion 
of any colder water, except the comparatively small quantity that may come down 
into it from the Euxine. 

Now one marked consequence of this uniformity of Temperature in the deep 
Mediterranean basins, from 100 fathoms downwards, will bo an absence of that 
Vertical Circulation, wliich, in the Oceanic areas, brings every drop of water at 
some time or other into contact with the Atmosphere, and thus elfects its aeration, 
— the excess of Carbonic Acid wliich it has derived from Animal Respiration, and 
from the Decomposition of Organic matter, being removed, and replaced by Oxygen, 
Hence, if tlie whole of the deeper water of the Mediton-imean is in a state of 
stagnation, it might be expected to become bigblv charged with C’arbonic Acid (its 
Oxygen being proportionatidy reduced), through the decomposition of the large 
quantity of Organic matter brought down by tlie great rivers,— especially the Nile 
ill tlie Eavstevn basin, and the Ithone in the Western. This has been found by the 
Author to he really the case — the percentage of Carbonic Acid in tlie entire amount 
of gas set free by the boiling of abyssal 'svater in the Mediti'rrancan being as high 
as GO, and that of Oxygiui as h)W’ ns b, that of Nitrogen ht'ing 35 ; whilst the highest 
percentage of (Jarbonic Acid over met with in the abyssal water of the Atlantic was 
48, that of the Oxygen being If). Thus it appeared that nearly the whole available 
Oxygen, in the abyssal water of the Mediterranean, had b(*en used up by the de- 
coiiqiosition of Organic malter ; and this condition was quite sullicient to account for 
the extreme paucity of Animal life in the muddy deposit which is being formed by 
the very slow subsidence of the finest particles brought down by the great rivers 
and difiused tlirough the entire mass of Mediterranean water. 

Thus any diqiosit formed in a deep Inland Sea which is cut off from all but super- 
ficial communication with the Ocean outside, and into which a largo quantity of 
Organic matter, as well as of Mineral sediment, is brought by large rivers, might bo 
expected to be nearly or entirely azoic — Edward Forbes’s limitation of Animal life 
to 300 fathoms being generally true of the ^Mediterranean, though not of the open 
Ocean. 

The Temperature of the Ivcd Sea is probably higlier tliroughout than that of any 
other Inland soa, — the surface -temperature of its Northern part, even in January and 
Eebruary, being never beneath 70'\ wJiilst in the Southern it rises in July and 
August sometimes to nearly 00^, and the Strait of Babelmandeb being so shallow 
that no water below 70'^ is likely to find its way into it from the Arabian Gulf. 
Temperature-soundings taken last February in the Gulf of Suez by Capt. Nares, 
gave a untfor7n temperature of 7P from the surface to the bottom at 450 fathoms. 
Hence it liiay be assumed with tolerable certainty, that even in tluj deepest part of 
the lied Sea, where the liottom lit's at more than 1000 fathoms, the temperature 
will be never lower than 70° — thus contrasting very strongly with the temperature 
of the lower stratiiiii of the Arabian Gulf, wJiich, ha\ing a temperature of about 
3()°, must have come all the way from the Antarctic Sea. — In connexion with this 
liigh temperature of the Red Sen, it may be suggested as deserving of inquiry, 
whether the reef-building Corals live at a greater depth in it, than they do in the 
Pacific. The inquiries of Dana fully confirm the statement of Darwin, that these 
Corals do not live at greater depths than 20 fathoms ; and they have aho letl him 
to the conclusion that they are limited in their distribution by the isocJieimal of 
{\S'\ Now llio question arises wlietlier tlio limitation of Depth is not really deter- 
mined by Temperature ; and in that case these Corals should be found living in the 
Red Sea at greater depths than in the Pacific. 

A curious contrast to this, however, is afforded by the Sulu Sea, an area lying 
between the N.E. portion of Dorneo and Mindiiiao, only partly enclosed by islands 
at the surface, but shut in beneath by reefs which connect them. N ow the surface- 
temperature of this sea, like that of the China Sea in its neighbourhood, is from 
80° to 84° ^ and the temperature of both seems to fall at about the same rate through 
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the first 200 or 800 fathoms. But while the temperature of the Sulu Sea, which 
is W at 500 fathoms, never falls below this, even at 1600 fathoms, that of the 
China Sea, which is 61° at 200 fathoms, falls to 87° at the same depth. As the 
isocheimal of the Sulu Sea can never be any thing like as low as 50°, it is clear that 
the reduction of the temperature of its doop^er portion to that standard must depend 
Upon the entrance of cold water from the China Sea outside ; and it may be pretty 
safely concluded that the depth of the channels of communication must be fi’om 
200 to 300 fathoms, so as to admit water of 60°, whilst excluding the deeper and 
colder stratum. 

It is obvious that the existence of these peculiarities must have a very marked 
influence on the Biological conditions of Inland Seas— and that, as like peculiarities 
must have presented themselves in former periods of the Earth’s history, the know- 
ledge of them may afford important aid in the interpretation of Palso ontological 
phenomena. 

On the Tree Ferns of the Coal-measures, and their Affinities with existing 
Forms. By W. CARiiuTnERS, F.ILS. 

Lindley and Hutton describe two species of Tree Ferns from the Coal-measures, 
both from the Bath coal-field. I have been able to add eight species hitherto un- 
described, chiefly through the assistance of J. M^Murtrie, Esq., of lladstock. These 
belong to three groups, which are remarkably distinguished by peculiarities in the 
structure of the stems. Two of the groups belong to living forms, while the third 
is extinct, being confined to Palajozoic formations. Caulopteris and Tubicaulis be- 
long to the same type as the living ferns which possess stems, including under this 
term the humble stems (falsely cmled rhizomes) of many of our British species, as 
well as the arborescent ferns of warmer regions, and excluding the rhizomatous 
forms like Pteris, Polypodium, and llymenophyllum. In all these stems we have a 
central medulla, surrounded by a continuous vascular cylinder penetrated regularly 
by meshes, from the margins of which the vascular bundle or bundles to the fronds 
are given off, and through which the parenchyma of the medulla is continuous with 
that of the stipes. In most tree ferns the medullary axis is larger, and the bases 
of the stipes aecay down to the circumference of the stem j but in Osmunda the 
persistent bases of the stipes permanently clothe the small vascular cylinder, which 
encloses a slender pith. To this latter form belongs the stipe with a dumb-bell- 
shaped vascular bundle, separate specimens of which I have obtained from the Coal- 
measures. These have been described, both on the continent and in this country, 
under the name of Zygopteris but they belong to Cotta’s genus Ttibicaidis, and 
they are very closely allied to a group of fern-stems which I have already placed 
together under the name of Chelepteris. The stem-structure of the common tree 
fern is represented by the genus Caidopteris, of which I have six species of oarboni- 
ferous age. 

The third and extinct group is represented by Corda’s genus Stemmatopteris, only 
now known to be British, and by Psaronius, which, however, is not a sep.*rate ge- 
neric form, but is only foiuided on specimens showing the internal structure of the 
stems of which Corda’s genus is the external aspect. The chief characters of Psaro^ 
nim have been drawn from the structure of the aenal roots which invest the stem, 
firom which, indeed, the generic designation was derived j while the structure of the 
stem itself has been overlooked. But this is really of the first importance, as will 
appear from the following description which I have been able to make fi:om a finely 

g reserved ^ecimen of an undescribed species in the British Museum, and from the 
gitres of Cfotta and Corda. The circumference of the stem was composed of a con- 
tinuous envelope of indurated tissue ; within this there were perpendicular tracts of 
vascular tissue never penetrated by any mesh. Between these tracts the leaves were 
given off in perpendicular series, the large single leaf-bundles coming right out from 
the central parenchyma, in which they existed as well-formed bundles, filling up more 
or less completely the medullary cavity. In one form (Zippea) the leaves are oppo- 
site, and the great proportion of the circumference of the stem is made up of the per- 
sistent and common vascular tissue ; in others (species of Psaronius) the permaneatj 
elements of the etem consist of three; four, six or more perpendicular tracts. 
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The first two ^oups have the arrangement of the parts of their stems analogous 
to that which exists in the first year’s growth of a dicotyledon. In both there is a 
parenchymatous medulla surrounded by a continuous vascular cylinder, which is 
perforated in regular manner by meshes lor the passage-out of the vascular elements 
of the appendages. The stems of the third group have a structure analogous to 
that which is found in the stems of monocotyledons ; for in both we have the vas- 
cular bundles of the appendages existing in the parenchymatous axis, and passing 
out independently of any closed cylinder. The permanent elements, however, of 
the circumference of tlio steins of Fsaronius are without any analogue in mono- 
coUdodonous stems. 

There seems, tlieu, good reason for establishing two groups of ferns, with difter- 
ences characteristic of tlieir steins, comparable to those which distinguish the stems 
of monocotyledons from thost^ of dicotyledons. But the caution I have always in- 
sisted on in dealing only with v(*getative organs is specially required liere; for I 
have discovered, I believe, the fruiting-fronds of one species of this group of plants. 
With the Bath speciiiu'us of Stemmalopteris insigni.^, Cerda, as well as with those 
found on the Continent, the fronds of Pecopterk arhormcens are always associated. 
It is the only fern found with some of the Bath specimens. It is also to he ob- 
served that the bases of the stip{ 3 s (‘orrospond with the size of the leaf-scars on the 
stpis. These facts are not ahaolutely aufiicient for the correlation of the fronds 
with the stem ; hut they are the best evidence for tliis that wo can exp<3ct in fossil 
botany short of actual organic union. Now the fruit of IWuptens nrh n'escvns is so 
near to that of Cgutheay that I can find nochaiacteis whi'rehy they can bo separated. 
Our classification based on the stems must of course yield to tliat deiived from the 
organs of friictiti cation ; and our group of ferns instead of being made into a new 
order, as it -would bo by some who publish on fossil botany, must be grouped with 
a tribe of recent PoU/podiacerc, 

It may seem that this is a forced and arbitrary grouping together of plants that 
in some important character’s so rcmarlaibly dllft'r ; and so it is, undoubtedly, to 
those who with rash coiifidoiieo generalize on the systematic position of plants from 
stem-structure aloiu\ Hut what can such objectors say to tlie practice of placing 
in close proximity plants tliat arc beyond qiu'stion nearly related to each other in 
all e&aontial cha.'acters, lliou^Ii s.>iiic‘ liavo caudic(‘s (Lasf/va S:c.)y while others pos- 
sess rhizoiiK's {Phris ike.); yet the.M* two forms of stiuns ar(‘ more -Nvidely separated 
from each other than the stems of the extinct palicozoic group arc fi’om those of tho 
recent forms. 


On the jyresant state of onr Icnowh^dije hi connr.ehm vjith the BraJilojpoda^, 
Ihj T 11031 AS Bayidsox, FXhk>, 

In this brief notice Mv. Davidson loferred to tho attempts recently made to re- 
mov (3 tho Brnchlopoda from tho Mollusca and place them with tho Aimclides. 
!Mr. Davidson still adheres to the vio3v entortaiuod by the larger uuiubcr of zoolo- 
gists, that the Hracihiopoda form ])art of a class {Molho^couloa) independent of, but 
related to tho Mollusca; he remarks, liln^wise, that some characters of tho Brachio- 
poda are certainly very puzzling; but it must bo borno in mind that any inverte- 
brate group may bo anuolidizod ” by overrating certain points of its afiinities. 

!RIr. Davidson next alludes to the fact that tho Ih'achiopoda arc amongst tho earliest 
kno-wn forms of animal life, and occupy, after tho Trilobiles, tho most promiuent 
place in tho animalization of the globe. lie then alludes to the many important ro- 
senrehes made since 185;3 in connexion with the anatomy of tho animal, as well as 
with rcforonco to tho animal in life, espocially by Messrs, llarrett, Lac’azo-Duthiers, 
Jeffreys, Forbes, Dali, and others, and which would tend to show that the animal 
cannot ext(‘nd its arms bevond tho shell, is rather sluggish, and apparently insensible 
to light. In 1853 he laid before tho public a review of what had been done 
bv others as well as himself in relation to the classification of the Brachiopoda, 
proposing at the time to divide the class into about forty-five genera; but 
ainco thmi some sixty-nine additional genera had boon proposed by twonty-foup 

Triuted in extenso in tho ‘Brighton Daily News* for August 20, 1872, 
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palfeoiitologists ; and if some fifteen or twenty of these be suppressed, the number 
>vill have been more than doubled since 1853. 

Mr. Davidson observes that it is also curious to notice that a general, but 3iot 
Tcgular decrease in the number of species has taken place since the Palaeozoic era 
up to the present time, and that many years must elapse before pal.neontologista 
will be able to clear away the many difiiculties that still prevent their arriving at 
a truly satisfactory classification of the group. 


Jlemarl'S on the Genera Trimerolla, Dinobolus, Monomcrclla. Bf/ Thomas 
Davidsoi^^, F.Ji.S. fjr., and William Kino, Sc,I). and Professor of Minera- 
logy and Geology in Queen's College^ Galway. 

The paper touched upon some of the salient points treated of in a detailed memoir 
in preparation by the authors for the Geological Society. They propose the name 
Trimerelluhii for a family to include the genera named in the title. The typical 
genus TrimercUa, althouf>h possessing many distinctive features, is in their opinion 
structurally and genetically related to Liu(jtda. Deserving the discussion of the 
first of those points to tlieir forthcoming memoir, they gave reasons for holding 
the view that Trimvrvlla has been created, adopting the doctrine of genctheonomy, 
out of some preexisting Lingulid. The internal features, most complex in the 
typo genus, wore brietly noticed j and their modifications, as characteristic of the 
three genera, were pointed out. 

The chronogeological range of the family extended from the Llandeilos to the 
'Wenlocks, the lat(ist and only representative species of JJinoholus occurring in the 
latter rocks. The known species have been found in Canada, the United States, 
Gothland, Pussia, and England : Dudley is the only English locality. The family 
comprises about seventeen specit?s, which have been instituted by Billings, Lind- 
strbm, Hall, ^leek, Dali, Salter, and the authors. 


On the Physical Gco(}raphy of the Mediterranean during the Pleistocene Age. 
By W. Boyj) DawkIxXs, M.A., F.E.iS. 

The geologicjil evidt'uee that the area of the Mediterranean has been eubjocted 
to oscillations of level dining the tertiary period, is dear and decisive. Professor 
(Jaudvy has prov ed, in his great work on the fossil remains found at Pikenni, that 
the plains of IMarathon iniat have extended far south into the Mediterranean, in 
the late Miocene period, to have supported the vast troops of Ilipparions, lierds of 
antelopes, and the very rcmarkahle Mastodons and large Edentata which were re- 
vealed by bis enterprise. TIkj restricted and rocky area of Attica, as now consti- 
tuted, could not have allbrded sustenance for such a large and varied group of 
animals, nor could the broken hills and limestone plateaux of Peloponnese have been 
the hfuints of the Ilipparions and the Antelopes, if their habits at all resembled those 
of their descendants living at the present time. From this it follows that Greece 
was prolonged southwards, in the ilirection of Africa; and if Africa were then, as 
now, the iieadcpiarters of the antelopes, it is very probable that one of the lines by 
which they passi'd over into Europe was in this direction. In the Pliocene age, 
the presence of the Hippopotamus alike in Italy, Franco, and (Tcrmany can only be 
accounted for by the continuity of the African mainland so as to allow of tho 
migration northwards of that animal. It would seem, therefore, that then also the 
area of the INIediterrancan could not have formed the barrier to migration which 
it does now. But nevertheless the marine strata of Lower Lombardy, of Sicily, 
and of Marseilles prove that in some districts the present land was submerged 
during a part of tho Pliocene age. 

What was the physical geography of the MediteA’anean during the Pleistocene age ? 
The condition oi Southern Europe at that time is an important factor in arriving at 
any true conclusions as to the Pleistocene climate in France, Gcimany, or Britain; 
for if it bo proved that a mass of land then extended where the Mediten'anean now 
rolls, the extension must necessarily have affected the heat of summer and the cold 
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of ’winter in Central and North-western Europe. I shall first of all take the evidence 
offered the distribution of the Pleistocene mammalia of Southern Europe, and then 
compare it witli the conclusions which may be drawn from the various sounding-s of 
the sea at the present time. W e will begin with the mammalia of the Iberian penin- 
sula. The researches of Captain Broome, Professor Busk, and of the late Dr. Fal- 
coner have established the fact that African mammalia, now no longer to be found 
in I^urope, lived in the Pleistocene caves of (Jibraltar. Besides the Lion, Hhinoceros 
Iic77nt(vcnus, and Ibex, tlu'y discovered the Spotted Hyaena, and the Serval, both ot 
which are peculiarly African sp('cies,andw]iich must therefore have crossed over from 
that region to inhabit the caves in which they are found, or vice r/rsd. To this list 
a third African species is added hy llie African elephant, found, along with flint 
implements, in a river-gravel near Aladrid. Tlie last animal has also been obtained 
from the caves of Hicily hy Dr. Falcon<‘r, in association with the Spotted ilyfena 
(the Elephas afdiqin(s) and the Grizzly Bear, all of which were living at the time as 
far north us the latitude of Yorkshire. It is obvious that the presence of the 
African elephant in Sicily must have been broiiglit about by the existence, in old 
times, of a bridge of land passing from Sicily to those districts which it still inhabits, 
just as the presence of the CJrizzly Bear and Elophaa nyitiqiws in Sicily proves that 
they passed over from their Jhiropean lieadquarters before the existence of the 
Straits of Messina. AMr are we without indications, from th(^ study of the mam- 
malia alone, of the position of tlie land which formerly connected Sicily with Africa, 
A small species of extinct Hippopotamus (IL roithuidi), almost as small as the 
living IF. Iih(rie7isk of Morton, occurs in such incredible abundance in the caves of 
Palermo, that its remains were formerly exported for use in sugar-i'etining. This 
animal has also been proved by Captain Spratt and Dr. Adams to have lived 

in Malta, along with a pigmy eh‘phant Falco7i<ri) and a curious gigantic dor- 
mouse (^Mriojcus 7)iclitc7tsis) ; and it has also been met with in ('andia; and more 
recently I was able to identify the last lower true molar of the animal among ob- 
jects which Dr. Polhjstou obtained from a Greek tomb at Megalopolis, in the Pelo- 
ponnese, and which was probably derived from some of the many caves of the lime- 
stone in that district. For this extinct animal to have spread from Sicily to Malta, 
from Malta to Caiidia, and from Oandia to the Peloponnese, or vice vo'sdy the whole 
of these islands must lia^ e been united together, and must have formed the higher 
grounds of a land tliat is now sunk beneath the waves of the Mediterranean. 

This was Dr. Falconer’s opinion ; and it is fully borne out by tlio soundings, 
which prove that a comparatively shallow sea now separates the Peloponnese from 
Candia, and Sicily from Malta, and the adjacent mainlands of Italy and Africa. 
The groat depth of the sea, no less tlian 1400 fathoms, which intervenes between 
Candia and the mainlaiid Tangier, offers a difficulty to the view that the land 
has been sunk to that depth since Jliq)p()pofa7wi.'i Pc7iilcmdi\\\e{\ in the island; and 
it is therefore very probable that tlie animal found its way from Sicily and Malta 
by way of Pelojionm'se, rather tlian over an extension of the African mainland. The 
soundings reveal the fact that the Mediterranean consists of two deep basins, sepa- 
rated from each other hy comparatively sliallow wat(U', one harrier extending from 
Africa, past the Straits of Gibraltar, to Cadiz, and the other reaching from Tunis, 
past Sicily and Malta, to join Italy. The elevation of tlieso barriers above water 
would satisfactorily account for the presence of .\frican mammalia among the 
European fauna of tlie Pleistocene ; and wc may therefore reasonably conclude that 
they wore then aboAO water. In that case, liowevcr, the Mediterranean would 
consist of two small land-locked basins, around which there would be comparatively 
free migration from Africa to Europe, and vice vo'.'id. In the map exhibited I have 
represented the restricted area whicli the ^Mediterranean must necessarily have 
occupied if the land wore elevated to the extent of 400 fathoms, or the depth between 
Candia and Peloponnese. The substitution of a mass of land sucli as this for a 
stretch of sea in the IMediterranean area, could not fail to cause the summer heat 
to be more intense in Franco, Germany, and Britain than it is now, while the in- 
creased elevation of the land, to an extent of 2400 fetd, would produce a corre- 
sponding intensity of winter cold, as Mr. Godwin- A listen has pointed out in the case 
of the lulls of Devonshire. And it luust be admitted that this condition of things 
would react on the climate of France and Germany, and even of Britain. When, 
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indeed, we consider that the Pleistocene land-surface extended from Africa north- 
wards as far as the hundred-fathom line, to say the least, in the Atlantic oft* the 
coast of Ireland, it is no wonder that tho African animals, such as the Spotted 
Ilycena and the Feli’^ cafer, should have ranj^ed as far north as Yorkshire j for the 
only harrier would be that offered by the severity of the Pleistocene winter. The 
Hippopotamus and tho Striped Hj’fona found in tho raves of Lunol-Yiel and of 
Spain cannot be cited as evidence of a coiitinuitv of land between Africa and 
Europe in tho Pleistocene aj^o, becauso they woro European Pliocene species, and 
may therefore, like tho horse, have lived on into the siicceedini^ ajje without any 
mifjration. 


Oil the Fossil Animals of Mount Lcheron (Vciucluse). 
Btj Professor Albert Gavdky. 


The author stated that he had made excavations near Cucuron in Mount Leboron, 
where (Jhristol, Gervais, and others liad already made some researcht*fl — ami 
that he had there obtained about 12'K) bones, which aro deposited in tho IMusciini 
of Natural History at Paris. The following is a list of species obtained : — 


Machairodus cultndem. 
IctitlieriumMppariomimj or Iv. robiistum, 

Orhigiiyi? 

llijcana eximitu 

DinotJienum (a very large species), 
FhinocerGs Schlciennacheri, 

Acerothrium inmioum ? 

Jlipparion yracile. 


Sm majar. 

llvlkidothermm DuoeraoijL 
Trat/ocertH amaUlmis, 

( ianiella fhperdita. 

C Wvif ^ ^[(^flloro}} is. 

Tedndo (a very large spt'cies). 
Tvstiido (a small species). 


All of these species, except Cenm Matheronis and Testudo^ liad been found by 
tho author at Pikermi in Attica. In comparing the 12(X) bones from Mount 
Leberon witli the 4040 bones from Pikermi, the author had boon struck with tho 
variations exhibited liy aniiiials that seem to liave descended from tho same parents. 
I[o also noticed that the presence of iiunierous Injrhivores, such us llipparion, Tra-‘ 
yoceruSf and Guniella^ and of one so largo as llclladotheriim, pro\es that a great 
extent of iiioadow-laiid and a vaiiod scenery must have existed at tho end of tho 
Miocene period. 

The author con«i<lerod that the fossils of ]-»eberon are somewhat moro recent 
than those of Eppelshoim, but about the same age as those of Pikermi in Onjece, 
Paltaver in Hungary, and Concud in Spain. Tho age of the b(‘ds in which they 
occur at Mount Leboron is very clearly seen from the following Table 

7. Ten’cstrial bods, with bones of Jlipparion and other animals, 

C). Lacustrine marls, with Ildix VhristolL 
b. Marls with Ostrea crassissima. 

4. Littoral mavino bods, with Curdita Jonnnncti and other fossils, as at Salles. 
3. Yellow ]Mo]las30, with Odrea JMhnji nwd l^rfen planosidcatiis. 

2. Grey Molhisso ; fossils rare or absent. Ih’obably found in a deep sea. 

1, Neocomiaa beds. 


On the Prospect of fiiidimj Productive Coal-measures in Norfolh and SuffoUe, 
with Bwjijestions as to the place where an Experimental Borimj should he 
made. By the llov. J. Gcxjr, F.G.S. 

Mr. Gunn sliowod that the Anglo-Belgiaii Basin had existed from tho P'orest- 
bed period to that of the Pahcozoic rocks, that it was bounded by such rocks 
on the east and the south, that a remnant at Harwich indicated that such also was 
its boundary to tho west, that it was open to the sea to the north, very favourably 
to the formation of coal — that there was proof of flio existence of forests in this 
basin, which had been repeatedly elevated and depressed at various times, and that 
the seams of. coal on tho Belgian side were proved to have increased, rather than 
thinned, as they approached tho coast. On these grounds Mr. Gunn thought an 
experimental boring waa dcaiiablc } and he fixed upon Hunatanton^ because the 
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Mvovk would commence there with a lower bed than was reached at the Norwich 
boring, namely the Kimmcridge clay, and, from the absence of the next stratum 
(the Coral-rag), and thinning-out and absence of others, ho did not anticipate a 
deeper bore than 1000 feet before coal would be obtained. 


0?i the occurrence of Trunls of Psaronius m an erect position, resting on their 
original bed, in Itochs of Devonian age hi the State of New York ; with 
some Inf eremrs regarding the Condition of the SiU-hottom and Shore-line 
during the Deposition of the Strata, Bg Prof. James Hall. 

During the year 1870 some excavations Avorc made in Schoharie County, N. Y., 
in beds of sandstone, referrc'd at that time to the upper part of llie Hamilton group, 
but Avhitdi probably belong to liigiier Ix'ds in the series. Several trunks, apparently 
of tree ferns, Avoro found in an upright position, Avith their buses resting in and 
Upon a bed of clay, in which they appear to have grown. Tn this clny, and in the 
lower three feet of the sandsioiKi above, there were abundant remains of vegetable 
substance, siippo'^ed to Indong to those trunks and to other vegetation of the period. 
Principal DaAvsoii refers tho'^e trunks to the genus Psaronius ; and he has determined 
two or more spec i('s from the locality. 

The author believed that here wo had evidence of a point of comparatively dry 
land on the easttmi margin of the Dcivonian sea. In tracing the beds Avestwards, 
it was found that at first coarse sediment predominated with Imt fcAv fosdls except 
plants j but in going in a weshTly direction the sandstones lose their coarseness, 
the shales become finer and calcareous. A corresponding change takes place with 
the fauna ; for at first, Avherc shells occur, they are chielly those of the Lamelli- 
branchiata, and it is not till aa^o have travelled some distance to the Avestward that 
Bracliiopoda are found, at least in any quantity. Where both occur, the Lamelli- 
branchiata are conliiuxl to the hard(n* and coarser beds, and the Brachiopoda, as a 
ride, to the liner st'diments. Not only so, but sometimes the coarser beds are 
charged Avitli a lew species of particular genera, as of Avicidopciten, Avhile others 
are crowded AAdth J/of/f«/<<-lilve forms A\dth fc\\' Ai'icuhpc(ivns\ AvliiUt Grammgda, 
a genus Avhich may perliaps belong to lli<‘ ^ Lhiionida?, has sometimes lloiuished 
abundantly, to tlie almost entire exclnsiou of OA'ciy tiling else. 

Tlu' changes hvro indicated can be. tract'd over a line of outcrop of more tlian 
three liuiidred miles from c«ist to Avest, and through a vertical thickness of £roni 
two to four thousand feet. 

The author inferred that this area during tlio deposition of tlu'so beds Avas 
undergoing continuous oscillation of level, AA-itb a geiu'ral doAvnAvard movement, 
lie considered that the alternatinii of coarser and liner beds, AA'itb their character- 
istic fossils, might be duo to such oscillating movements. 


: lielaUons of the I^UddU and Ujper Silurian (Clinton, Niagara, and 
er Jleldcrhcrg) liocks of the United Stales, Bg Prof, Jamks Hall. 


On the . 

Lower 

The author remarked that although American geologists still use the local terms 
applied to the various divisions of ralmozoic rocks hy tlie Goolo^^ical Siuwey of 
York, yet the relations of those divisions to the greater divisions in use in 
ICiiglaiid have been carefully studied. The grouping adopted by the author is 05 

follows , 

Cl 1 Lower ITelderbcrg. 

Urwcu SiLUiiiAK j ^Vato-lime. 

Onondaga Salt group, or Salina formation. 

{ Niagara group. 

Clinton group. 

Medina Sandstone. 

( lludson-lliv('r group. 


LoWEIi SlLVlUAN . 


) Trenton 
j Black-lUver 
( Birdseye 


Limestones. 
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Below all these come the well-marked Lower Silurians, the equivalents of the 
British Caradoc and Llandeilo forniation.s. 

Between the Middh) and Upper Silurians of tlie United States there is scarcely a 
single species in common. Keprosentativc species occur j and whenever the phy- 
sical conditions have been similar during the two epochs, tlie species occurring in 
those beds bear a close similarity to each other. 

The author alluded to the opinion of Mr. Warshen, that the Lower ITelderborg 
™iip should be placed witli the Niagara group, and expressed his strong dissent 
irom those views. He traced these rocks for several liiiiidred miles in their 
westerly range from the Schoharie valh^y, and said that in that direction the 
Lower lielderberg group dies out, whilst the Water-lime and th (3 Onondaga Salt 
group considerably expands. To the east and south of the Schoharie valley the 
Lower lielderberg group always occurs, and is everywhere underlain by the Watcr- 
lime formation. In Canada the Lower llekhn-berg gTonp is largely developed, 
whilst the Niagara group scarcely exists there. 

The author contended that throughout all this vast area the physical fact of 
superposition and the evidence of fossils coincide to prove tin? T^ower lielderberg 
group a distinct and overlying formation to the Niagara group, and separated from 
it by the Onondaga Salt group and Water-lime formations, wherever these latter 
formations exist. 

It appears, however, that in parts of Tennessee the Lower lielderberg and 
Niagara groups do sometimes come into contact from the local thinning-out of th (3 
intermediate groups. But upon this Prof. Hall remarked that wliilo the actual 
physical and zoological distinction can be traced in a westerly direction for more 
than twelve hundred miles, in a north-easterly direction for six or eight hundred 
miles, and for an equal distance in a southerly and soutli-westeiiy direction, he 
could scarcely suppose that the few facts observed within limited areas, and not 
yet submitted to the test of comparison, would change the views of gc^ologists upon 
the distinctive character of these formations. 


On the Chalh of the Paris Pasiyi. 

By M. HUBERT, Professor of Geoloyy in the ISorhonnCy Paris, 

This communication was made by M. Ilehcrt, as the K'siilt of his researches on 
the Chalk of the Ihiris basin. It was illustrated by two sections, the first of 
which represents the cliffs of the channel from Havre to Boulogne, the second 
giving a section from Le Perch e, a district which borders Brittany on the east, to 
Belgium. The characters which, according to M. Hebert’s classification, divide 
the beds are so well marked, that it is possible to ascertain the point where one 
division ends and another begins. At this point not only does the fauna change 
abruptly, but also the lithological differences are equally clear ; besides, the sur- 
face of one division is always liardened and eroded more or less. There is no 
passage of the lower-lying hard beds into the soft upper clialk. Tliese lines of 
separation are always more numerous than the pala?ontologiral divisions ; but two 
p.aheonlological divisions are always unconnected. Tliese characters, in M. Hebert’s 
opinion, remove all difficulty ; and in submitting the results of his researches to 
those English geologists who interest themselves in the chalk, he hopes to convince 
them of the exactitude of the divisions lie lias proposed ; and he would refer them 
to the cliffs of Kent, which afford an exact copy of those of the opposite shore 
of France. 

The divisions which M. Ildbert has established are as follows in ascending order; — 

1. Glauconitic chalk, the equivalent of the Upper Greensand and grey chalk. 

Chalk with Inocertmuis lahiatnSy or chalk marl, and chalk without flints, and 
n portion of the chalk with flints. 

3. Chalk with Micraster cor-testudmariumyh 2 e\m^ for its base the zone of Ilolas^ 
ter 2 >letnuSj and which corresponds to a portion of the chalk with flints, 

4. Chalk with Micraster cor-anyuitmniy chalk with flints. 

5. Chalk with Bclemnitella mucronatay Norwich Chalk. 

The Chalk of the Paris basin forms several parallel folds, which correspond 
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with orograpliical accidents. Traversing the country from Artois to Brittany, 
they form elevations and depressions in the following order: — 1. The axis of 
elevation extending from the Boulounais to the Ardennes (axis of Artois of 
M. Archiac). 2. Depression corresponding to the valley of the Somme formed 
in tlie most recent beds, viz. Chalk with Micrastcr cor- aiiguinunij which ex- 
tends from St. Valery snr Somme, passing by Amiens, Longueau, and Moreiiil, 
where it meets the chalk of JNleiidon in the direction of Xoyon. 3. The second 
axis from Compiegne to Breteiiil, which extends by the valley of La Bresle 
as far as Tr6port, which opens out in the lower portion so as to show in the 
bottom of the valley the chalk containing Liocerantus and on the tlank 

the newer beds dipping in the opposite direction. 4. Between this upheaved por- 
tion and that of Bray there is a depression which can be followed from Criel-sur- 
Mer to Beauvais. 5. The axis of upheaval of the district of Bray is seen on tho 
shore of the English Channel at Bhille-sur-Mer. There the Vraie Olauconteuse 
is visible at low water. There are several faidts which are visible in the cliffs. 
This upheaved portion is much larger than the preceding one, and is seen as far 
as Dieppe, where it ends, lieing cut olf by a fault of about 200 feet. 6. A very 
well-niarlved depression exists between llieppe and Eecamp, of which Vciiles 
occupies the centre. There the chalk with Micraster cor-angiibium descends to 
the hivel of the sea, while both at Fecamp and Biviihi the (.'raie Glauconieuse is 
at the same level. This depression runs parallel to tho axis of the district of Bray 
ns far as Gisors, where the chalk of Meiidon is seen at a much lower level than 
the ()ld(‘r beds found to the N.E. or tS.W. 7. The ridge extending from Fecamp 
to Meiidon, by Kouen and Vernon. This elevation is accompanied by a fault 
which, though in a somewhat broken line, still keeps a course parallel to the 
general direction of the river Heine from Paris to llouen. The sections show that 
the strata have b(ien raised on each side towards the fault between Bouen and 
IM antes; and consequently the valley of the Heine does not correspond to a de- 
pression which w'oiild be tlie counterpart of the elevation of Bray. The Seine 
winds in and out, crossing the fault repeatedly. Beyond Mantes the fault passes 
to Heynes, and is prolonged to ^leudon, Bicetro, &c., where tho chalk is elevated 
and probably takes the form of an upheaved fold. 8. To the south-west of tho 
pr()j(‘eting mass of B(?yne8 and Meudon a large depression exists, which seems to 
take in the vall(*y of the Eure as far as fjouviers, and accounts for the presence of 
C(dcairo grosaicr in this outhing portion of the tertiary basin. 9. To the south- 
west of this zone, which extends from Trappes to Caiiilebc'C, tho strata are up- 
heaved, and the chalk with Inoceramus hihiatus is seen at the foot of the hills of 
liC I’erche. The sandstones of Maine crop up from under this chalk and form this 
new upheaved fold, which has several tiexiires, and is followed by the fault which 
extends from Nogeiit le Botrou. 

Thus (1) Lo Perche, (2) the axis of tho Heine, (3) the district of Bray, (4) tho 
axis of La Bresle, (5) the axis of Artois from the Boulounais to the Ardennes, 
form five convex folds which are parallel and separated by depressions. They have 
l)(‘on produced by the gemu-al movements of the Paris basin, due to tlie contraction 
of the earth’s crust. These folds are of earlier date than the Argile rouge ft 
silex” (red clay witli flints), which covers up the eroded surfaces of the different 
l)eds of the chalk, with the exception of the chalk w'lWi Belcomitella nuwronafcf, 
which is pi;obably of mure recent oiigin ; for tho lignites and the lower sands repose 
at Veules, Varangeville, (h’iel, and Ht. Valory-sur-Homine on the chalk withil/fcras/cr 
cor-aoguimm. If denudation had taken place, it would not be accounted for by 
supposing that the chalk with Beleinnites was entirely removed elsewhere ; the 
folcls could have been augmented at a later period. 

The two sections show tho perfect correspondence of the several folds ; hut their 
regularity is shown by all the observations made. They approach each other towards 
the north-west, and do not extend to the south-east b<^yond a line passing through 
Paris from south-west to north-east. Tho folds are much nearer to each other on 
the coast-line than inland, where they are separated twice as much. 

Now, what becomes of these folds on the English coast? It is certain that the 
fifth and last of them, the axis of Artois and the Boulounais, corresponds to that 
of tho Weald, and equally so tJiat the Jurassic coast-lino of Portland corresponds 
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that of Ileimoqnovillo, noav Troiivillo, which poems to belong to tho ^^Pevcho^^ 
Bystem, and of which tlio Ihivxe beds are an extension. The second fold seems 
to point towards the Isle of Wiglit, where another dislocation from east to west 
seems to have crossed it. The third and fourth, those of Bray and La Bresle, do 
not appear to extend to the Hampshire hasin. 

Parallelism of the French ami English Chalk, — The English chalk, taking tho 
chalk of the Kentish coast from Folkestone to St. Margai'ct-on-Cliff as the typo, 
would be thus grouped so as to correspond with tho divisions established by 
M. Ildberi in Franco. 

I. Taking the (laiilt as the base of the chalk, on which point all are agreed, the 
1st division of the chalk would be formed by the Upper Greensand, “ gres vert 
superieur,” which is the siime at Folkestone, Havre and Fecamp, and elsewhere. 
The grev chalk {craie grisc) which covers it is idtmtical with that of I’oueri; the 
Anwioiiites varians, MautelUy and rhotomagensis whicli are there found, leave no 
doubt; and it is recognized that in France the same fauna exists in tlio Upper 
Gre(3nsand and tlie grey chalk, anti that these two rocks alternate. These two 
divisions would form one, as La Craie Glaaconicnse. There may be some ditliculty 
in separating the grey chalk fiom the chalk marl. 

II. The grey chalk is covered at Folkestone as in France (generally) by a very 
nodular chalk without flints, and wuth grev argillaceous veins, containing Inocc- 
ramus lahiatus (Brongniart), Annnonitrs nodosoidei (Scdilutcr), Echiiioconiis suhro- 
tuvrhfSj S:c. This forms the st'cond di\ision of the chalk. The dilleivnce of tho 
fauna of this from tliat of the underlying ])cd is almost complete. iSomelimcs, n3 
Mr. \\nutalcor has observed, and has kindly furiiifelu'd ^I. Hebert with his views, 
at the base of this nodular chalk is an argillaceous b('d with Bidemnitcs, which is 
most likely tho B.pJvnus of Blainville. This bed is found in Shakespeare’s Cliif, 
and has also been recognized in France in se\eral places, morci especially at 
Neufchatel in Bray and Boulogne, it forms tlie base of the division termed 
Craie Inoceramm lahiatus. The junction of this bed of argillaceous clialk witli 
the underlying grey challc will he found to be marked by a liardenod and eroded 
surface, which is pierced by holes. 

At l)o^er the thickness of the chalk without flints, -with Inoreramus lahiatus^ 
may be considered from 12*5 to 140 feet, to Avhieh should be added about ^0 feet 
of the chalk with flints lying above it in the eastm-n cliflis of Dover, as they contain 
exactly the same fauna. This division, like tlic former, is always terminated by one 
or more hardened and pierced surfaces. 

HI. The next Iflo feet in thickness consist of a aeries of hard nodular beds, 
containing beds of flint, tho principal fossils of wliiidi are Ilolastcr planus (in tlio 
lower part) and Iloluster placenta (above) ; Ananchgies gihha is also very common, 
as welt as Micrastcr corAesiu(Unurium,^A\\c\\ gives the name to tbis division. The 
lithological character is also wmll marked. It is s<’('n just at the cliff to the south 
of St. Margaret, at the level of the sea, and is there rieii in fossils. 

IV. Above the last-named hard chalk, a soft chalk, often quite of a mealy aspect, 
forms the upper part of the northern cliffs of Dover and the whole of the cliif north 
of St. Margaret, This should be nd'orrod to the chalk wdth Micrastcr cor-angumtimj 
abundant at Gravesend, but badly preserved at St. ISInrgand. 

V. A division characterized by the presence of Bekmnites mucronatus^ does not 
exist in Kent, but only in Norfolk, 

It is very important to observe that each of the principal limits a.ssigned to these 
divisions corresponds in France with the places of thick beds which are wanting 
in England. Thus between the Craie (Jlauconuntse and the chalk marl with Inocc^ 
ramus labiatus, the great series of the sandstones of Maine and the limestones with 
Ichthyosarcolytes is interposed. These beds are absent in tho north of Franco 
and Gennany, as wcdl as in England ; also between the chalk marl with Inocerafmts 
labiatus and the chalk wnth Micrasicr cor-testudinariumj ns desenbed above, the 
great mass of the hippuritic limestones .should be placed. This also does not occur 
m the northern countries, These remarks prove that the stratigraphical limits 
which have been described indicate great breaks in the sequence, of long duration, 
when no remains were deposited in the north of Europe, 
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On t7ie Cambrian caul Silurian Hods of Ramsey Island, St DavicVs, 

By Henry Hicks, FM-S. 

In a Report to Iho British Associration in by the late Mr. Salter and the 
author, Ranisoy Island was mentioned as a part of the district which had been 
examined, and a short description of the rocks exposed there was also given. ^ Since 
that time the author has had several opportunities of further examining the island, 
and this year in conjunction with Mci^srs. Iloiiifray, Lightbody, Kirshaw, and 
Ilopkinson. 

J)uring those rosoarches all parts of the strata have been very carefully exa- 
mined ; and the results liave been hijrhly satisfactory. The best section ocedrs at 
the north end of the island ; and the following formations occur there in succession, 
beginning on the east side : — 

1 . Linyula-Jlay.^^ a .S(‘ries of hard silict'ous randstones, with grey tlaky slate, about 
COO feet in thickness, and containing Limfidclht Jhtristi in great abundance, but no 
other fossils, save worm-tracks and burrows, and some plant-like markings. 

2. 'Trcntadoc yroitp, or, rather, a thick series of beds holding in the succession 
relatively the same position as the Tremndoc rocks do in North \Vak‘S. These 
hods graduate Iw almo'^t insensible degrees from 11 h‘ Twin;:nla-llags, iirst as bliiish- 
groy llag, and them earthy grey lliick-lx'deit'd rt)ck, and a^Miiiu* at tlie upper emd an 
appearance approaching t(» that of the oveadying beds of the Arenig group. They 
have a thickness of from SOO to lOOt) f<‘et; and fosMls are veny abundant through- 
out the \vhnk‘ st‘rie\s. The spt‘cies art' iieaii} all new, and ahtJ many of the gemera. 
A list of the fossils iiicliides four spi*cies of BrachiopiHls, ten species of Trilohitos, 
Orfhoi'vras two species, C/tnodoida two s]>ecit‘<, a Thica^ Brivrojdtmh Kncrinite, 
and a Sttivlish, tin' latter dia(’overed for tin' lir-t time lliis yt^ar by Mr. Lightbody, 
In this fauna, as in the Treinadoc rocks of North Wales, some of the forms aro 
primordial in character, others of a Silurian typo ; and there aro sovi'ral which had 
not previously been known tt) exist in rocks of so early an age. With the ex- 
ception of the rocks in the neigliboiirhoods of Portmadoc and liolgelly, we do not 
know of any deposits of tin* sann^ ago in Britain; and, indeed, until the discovery 
of these bedfs at Ramsey Island, and some other places in the iK'ighbourhood of St 
David^a, they were not supposed to (‘xteiid beyond those districts. 

3. Arcniy yroiqh — Iroii-.stained slates and tlags, int<'rliiied by felspar lines and 

felspathic ashes. Tliey have n tliickness of about KKX) feet, and lie nearlv vertical. 
They occur in succession to the Tremadoc group, and in true conibnuability. Tri- 
lohites of the genera Ast^dim^ JKpUnn, Trinudemy Ampyx^ Cahpncney and 

Aynostvs occur in them along with Comdaria^ Beden pho/t, 27oco, Ortlwcvras, Lin* 
yida^ and Orthis^ and, as shown by Mr. Ilopkinson, also no less than twenty-two 
species of CJraptoliti's of various forms. 

In this section at Ramsey Island the succes.4on from the raiuhviaii rocks to the 
Silurian is, the author believes, better shown than at any other known place in tho 
British Isles. 


On the Oruptolllcs of the Arcniy Rods of St, Bavid^s, 

By John Hoi'kixson, F.G.S., F.Jt,M,S, 

In tlio lowest beds of the Silurian roeks at St. David's the author had found a 
considerable number of Oraptolile.s, whieh, lie tliought, proved the equivalency of 
these beds with the (inehec group of Canada, the Skiddaw slates of Cumberland| 
and the Arenig rocks of Shelve. 

Thedraptolites, of which more than twenty species have been detenniued, were 
found at Ramsay Island and Whitesaud Bay, in the lower part of a series of black 
shales about 1000 feet in thiekne.ss, which, from their position and from the evi- 
dence afforded by the fossils they had previously yielded, had already been inferred 
to bo of Arenig ago. 

Of the true Graptolitos or Rhabdophora the genera Bidymoyrapsus, Teirayrapsua, 
Layonoyrapaus (P), and Bhylloyrapsus occur. All are Quebec and Skiddaw forms, 
Didymograpsus alone passing into higher rocks. The Graptolite allies are repre- 
sented iy the genera Tiiloyrapatta, Bendroyrapitta, Callograptua^ and BictyonmOt 
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These have a more extensive range, Bictyomnia lasting from the Cambrian to the 
Devonian period ; but until now they were only known to occur together and in 
any abundance in the Quebec rocks of Canada. They have, however, recently 
been discovered by the author in the Arenig rocks at Shelve. A few specimens, 
apparently referable to the genus HeiioliteSj have also been found. This genus 
begins in the Quebec group (Arenig), and ranges upwards to the highest beds of 
the Caradoc or Bala rocks. 

Of the species many are new j but all hitherto described are entirely restricted 
to the Arenig group. All these occur in tho Canadian rocks ; hut only two 
mograpsus patulus and Tefragrapsm serra) have previously been recjorded from the 
Arenig rocks of Britain, The entire Graptolite fauna is thus, in its species as well 
as in its genera, more nearly allied to that of the Canadian Arenig rocks than to 
our own Arenig faunas in Cumberland and Shropshire. 

The species, of which specimens were exhibited, arc as follows : — 


Bidymograpsus extensiis, IlalL 

patulus, llalL 

pennatulus, Hall. 

pluniula, sp. iiov. 

sparsus, sp. nov. 

Tetragrapsus serra, Brongn. 
Loganograpsus(?) implicatus, sp. 
nov. 

Phyllograpsus stella, sp. nov. 
Retiolites ensiformis (P), Hall, 
Rtilo^rapsus cristula, sp. nov. 
Hicksii, sp. nov. 


Dcndrograptus arhuscula, sp. nov. 
{Salta', MS.). 

divergens. Hall. 

flexuosus, Hall. 

• pumiliis, sp. nov. 

striatus, Hall. 

Callograptus (?) dilliisiis, Hall. 

elegant, Hall. 

radiatus, sp. nov. 

radicans, sp. nov. 

Salteri, Hall. 

Dictyonema cancellata, sp. nov. 


A specimen of Callograptm radiatm, with an entire hydrocaulus/’ or main stem, 
and a “ hydrorhiza,” the organ of attachmont, was specially alluded to as furnishing 
an important addition to our knowledge of the mode of growth of the dendroid 
Graptolites. The hydrorhiza appeared as a series of interlacing or anastomosing 
fibres, which must have formed a kind of network over the siirtaco to whicii it 
adhered. Its presence in this specimen was considered to prove it to be an essential 
organ of the genus Callogyaptas, its rarity being accounted for by its perishable 
nature, and the probability of the Graptolite being almost invariably severed from 
the substance to which it was attached at the junction of the hydrocaulus with its 
hydrorhiza. 

"The other dendroid Graptolites {IHllograpfuts, Dcndrograptus, Bidgoncma') 
were also shown to have been most probably lixed forms. 


On the Minerals lately found in the Drai nag e~xv oris at Brighton, 

By Jamks Howkll. 

Tlio author exhibited curious and beautiful specimens of minerals found in the 
north-west portion of Brighton, the Montpellier district, during^’ tho excavations 
for the main sewer. These excavations were carried through beds overlying tlie 
chalk, down into the chalk itself, to a depth of from 22 to dO ft'et. The surface- 
beds consisted of vegetable mould, loam, and brickearth, the latter reaching in 
many places to the depth of 17 feet. Jiiibcdded in this deposit wore mnsscs and 
veins of Websterite, mingled with hrecciated masses of ironstone. Hints, gypsum, 
and indurated clay, frosted over and permeated with crystals of selenite, varying 
in form and colour, and presenting a beautiful appearance. There wore also tabular 
Hints, probably a silicate of iron about J of an inch in thicknt s.-?, coated with a 
carbonate of lime, with nodular Hints shivered in every direction, and rccemented 
by the Websterite. Some of the breccia, lying at the depth of 17 feet, so much 
resembled ‘^slag” as to deceive the eyes of good mineralogists. IMost of it 
had undergone intense chemical action, as if the gases had bubbled up and 
escaped, leaving orifices upon the surface, or presenting a botryoidal aspect. Some 
of the ironstone presented a honeycomb appearance, being of a black or dark 
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purplish colour, spang’lcd with pretty star-like crystals of selenite. Other speci- 
mens exhibited contained a high percentage of that useful metal, as much as from 
55 to 60 per cent. Linionite, too, was abundant, llonoatli the ironstone, in a 
deposit resembling yellow ochre, probably an oxide of iron, lay a curious formation 
containing much iron, gypsum, and indurated clay, with seams of selenite of a dark 
green and puimle colour. AVhen broken, this stone was found to be beautifully 
yariegatod, and was susceptible of a high polish. Tlie selenite was so compact 
in the heart of this formation as to make the eye talie it for quartz ; and one 
gentleman could not be convinced to the contrary till he scraped it with his pen- 
knife. Flints and iron and indurated clay were everywhere frosted over and 
intercalated with every form and variety that the cr 3 ^stalsof selenite could assume, 
forming magnificent specimens of nature’s workmanship for either the museum or 
the drawing-room. 

The author next gave a detailed description of the discovery, history^, and 
composition of Websterite, displaying some fine specimens, and stating that there 
were still finer ones in the JJritisli and Hrighton Museums. About 3 feet from 
the surtaco of the road in Powis Villas, the workmen discovered wdiat had every 
appearance of the petrified trunk of a tree, the hark being changed into lignite, and 
the woody structure into a white fibrous substance, with medullary rays verging 
from the centre. Two fine specimens of this, in the Brighton Museum, were first 
marked as fossilized trees.’’ Upon analyzation, however, by Dr. Flight of the 
Jlritish Museum, the fibrous substance 2 )roved to be ^Vh‘bste^le, and the ligneous- 
like coating manganese with a small proportion of cobalt. Testing it with hydro- 
chloric acid also reveals the presence of a carbonate, whether of lime, alumina, or 
some other suhstaiico the author does not know. The Weksterite lying in the 
clay or brickoarth was in a vi'vy friable state, of a milk-wliite colour, and w’hicli 
might be mistaken by tlie eye for magnesia. Other specimens were more compact 
and of a straw-colour; and in the core of one of tliese specimens lay imbedded 
what appeared to be very like a sm.dl, smootli, dark-coloured flint ; but flint it 
was not, l)ut the same substance probably coloured (‘ither by manganese or iron. 
Another pretty spt'cimon in the mi)U‘rah)gical departimoit of the Brighton Museum 
has a beautiful straw-coloured coating of what analyzation might prove to bo 
allopbane. 

Mr. Ilowidl then entered into the origin of the specimens exhibited, stating that 
obsServation.s had convinced him that it was chemical agency, and that such wits 
lis active now in the beds above tlie chalk in the ^lontpellier ilistrict at Brighton 
and eDewherci e^er it had been during the deposition of the Eocene strata, to 
which these beds geologically belonged. 


Oa Siip:^r-CrdaceoU'i Foi'm^ttlons in the Keif/hhonrhood of Brighton* 

Bg James Howell. 

This paper was the result of observations made by Mr. Howell during- the pro- 
gress of the exciivations for the purpose of draining the town of Brighton in the 
years 1870 and 1871. According to Mr. Howell, the town of Brighton stands upon 
six distinct formations : — 

1. Chalk with flints, upon the cre.sts of the liills and their abrupt descents. 

2. Lower Foc-ono, constituting Furze Hill. 

8. Temple Field deposit, formed of the ruins of the Eocene and Chalk strata. In 
the Montpellier district, sloping down the we^li'ni hill towards Furze Hill and 
Hove Level. 

4. Bostpliocene, Brighton clilf formation, Cooiube rock or Flephaiit-bed, chiefly 
East Brighton, especially the dills at Black Bock, also the base of the silt in the 
Brighton valley. 

5. Postpliocene brickearth, resting on Coombe rock or sand. Hove and Western 
Brighton. 

6. Ileceiit. Silt of the Brigliton valley. 

Leaving the Cretaceous strata, so ably explored and so graphically described by 
Dr. Mantell, the author drew attention "to Furze Hill as one of the remnants left 
1872. 9 
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by denudation of tbe plastic clay in Sussex, first determined by Sir lioderick Mur- 
chison in 1850, but more thoroughly investigated by Mr. Montague Phillips in 
1851, who found it to consist of layek of marl and clay, the upper part composed 
of comminuted marine shells, the clays being of various colours, a bed of lignite, 
4 feet thick, containing mucb sulphui', analogous to that found in the Paris and 
Hampshire tertiary hasius. Faint impressions of dicotyledonous trees were also 
detected upon the clay. Mr. Phillips also discovered a cluster of fossil fruits of an 
unknown species, intermediate between the Brazilnut and Walnut, with crystals of 
selenite among the clays, and a thin vein of subsulphate of alumina in an outcrop 
of what ho considered tlie same formation at Prestonville. Patches of the lower 
Tertiaries are to be seen here and there over tho whole area of the South Downs, 
whilst scattered over their surface arc water*rolled s]>ecimon8 of tho bn^ccia form- 
ing the base of the tertiary deposits at Seaford and Newliaven, together with 

grey weathers ” or druid sanastones ; while within 200 or oOO yards of the 
Eocene strata at Furze Hill, the excavations for draining tho town of Brighton 
revealed the ruins of the plastic clay once lying in situ in that locality, consisting 
of clays and sand, breccia of angular Hints impregnated with iron, ironstone, gyp- 
sum, suhsulphate and hydrate of alumina, loamy deposits, crystals of selenite, and 
ferruginous chalk-riihblo. Tlie upper portion of this lieterogeneous mass consists 
of a chocolate or y^ellowish loam, and in many places, where the chalk immediately 
underlies it, of ironstone or breccia impregnated witli iron, in which case the sub- 
cretaceous strata are in every stage of decomposition. The loam contains chalk- 
like granules, which, on being exposed to atmospheric action, crumble into a tine 
ochraceous powder. This is probably ellected by the percolation of water highly 
charged with acids derived from the soil, iron, or decomposing iron-pyrites, which, 
like a disease, eats deep down into the core of the chalk, and eventually converts it 
into the ochraceous tree-bearing loam, such as forms tlie soil of the Montpedlier 
district and of tbe copse by the roadside to the dyke. The clays or brickeartli, if 
it be such, the author b(4ievcs to he of a date anterior to tliat lying in tho IIovo 
Levels. The breccia, in immense masses, lies mingled with the clays and clialk- 
rubble as if it had been torn from its bed by some mighty force. Hundred.^ of tons 
were extracted from an excavation 2 feet (> inches in width at the bottom of Clif- 
ton Hill at its junction with Montpellii'r Bond up to 8t. MicIiaeFs Place, where 
it lay piled up like a wall to the height of 5 feet. TJii.s iuteri'sting section was 
showed upon tho plan wliich tho engineer of the works, Mr. (lood, kindly prepared 
for the author. Much of this conglomerate lias undergone intcuiwe chemical action, 
some specimens being scarcely recognizable from slag.” Many of its cores are 
ornamented with calcitos, crystals of selenite, and gaseous botryoidal bubbles coated 
with a delicate bloom of violet, yellow, and grcc]i. The subsulphate and hydrate 
of alumina lie in veins and ina8.ses imbedded in the clays, from a milk-white 
powdery substance up to the consistence of gypsum. One specimen assumed the 
form of a trunk of a tree; its liguiite-like coating, on being analyzed by Dr. Flight, 
of the Britisli Museum, was, however, found to consist of manganese, together with 
a small proportion of cobalt. Far from being a scarce mineral, the author de- 
scribed it as being plentifully spread over the cluilk-districts wherever ironstone or 
iron-pyrites was superimposed upon cla}'. Specimens of the tree-like variety tho 
author had extracted from chalk in which it was completely isolated, the chalk 
matrix showing no si^s of decomposition. He had found portions of clay, too, 
similarly isolated in chalk-strata with no appearnneo of rents or fissures ; and tho 
questions were. How got the clay there ? and how was the suhsulphate of alumina 
formed ? 

Mr. Howell, in describing the Cooinbe rock or Elepliant-bed, drew attention to 
the cliffs at Black Bock, consisting of this peculiar deposit superimposed upon an 
old sea-beach lyin^ from 12 to 15 feet in the clilF above the present one, finer 
sections for inspection being nowhere visible. Sir Boderick Murchison and Mr. 
Godwin- Austen state that brickeartli is the equivalent ofCoombe rock, both being 
of the same age ; but the observations of th(^ author during the excavations through 
the town of Brighton prove Coombe rock to be the older deposit — brickearth, when 
present, everywhere overlying it, in the same manner as Coombe rock overlies the 
chalk, The equivalent of Cooinbe rock; therefore, was not brickearth, but cbedk* 
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rubble, which was the same formation with a loss admixture of clays. Bones and 
teeth of the Mammoth, the ITorst', Ox, Beer, and Wlialo, &c. were found imbedded 
in the two deposits, which showed that they Avere not far removed from each other 
in geological sequence. In speaking of the old sea-beach, the author doubted its 
existence, as stated by Mantoll, GO feet beneath the surface of the Westeni Road, 
which consists almost entirely of chalk from its commencement to Western 
Cottages, Avhero the Cooinbo rock makes its appearance, followed by brickearth, 
Avhich there overlies it. JMr. Ilowcdl inclines to the opinion that the clays of the 
Coombe rock and brickoartlw, a-s well as the lignite, breccia, and sandstones of the 
former deposit, were derived by deiiudcatioii from tlio tertiary strata of the »South 
Bowns, in the same manner as those lertiaries might have been derived from the 
denudation of the Wenlden. 

Coming down to the recent periods, the author d('scrib(‘d Ihe I’righton valley as 
consisting of silt and Hints r(‘'<ting upon (b)omb'..‘ rock, in which were imbedded im- 
mense q\ian titles of water-rolled sandstoiK's. similar to the grey weathers,” the wdiolo 
deposit pointing to a time \vheii the valh'V was an esliiary of the sea a^ high up ns 
the London and Lewes itoaiB, then the, b(‘dh of rivers, one possibly issuing from 
tbe Weald, the ollu*r probably from the hii^b bills round about the village of 
Falmcr. l*ebblcs, exactly the .same as tho^e l}ing^ on the ]higliton boacli, were 
dug up at a de])tb of J 1 feel in the valh‘y, above tlio new cliurcli, lying in (Joombe 
rock, which had every npijc^nrance of liaiing been tbe bed of a stn^am. Few or no 
specimens of pabeozoie pebhh's were met with similar to tho^e in the old sea- 
beach, the author inclining^ to the views of ^Ir. (bxhvin-.Vuslen, of a coast-line 
extending from Lolvatlos aero-s the (Hiannel to Sus-ex in Bo^tpliocenc tinu^s, dry 
land being to the east of this coast-line, wLo-e beacli Avas the same as that now 
Haind in the Brighton olills, along whieli the pabeozou* pc^blib s found in the old sea- 
bench travelled from ] ranee, giiing illu>trations of pebble-travelling that camo 
under his oavii ob.x'rvatioii iji tin* Lie of \N ight. 


On the Tmclnjic Porplnini a uf (UkI Jhnra, in the Xortli of Irelnn(J, 

Jhf Professor EnwAr.n Hull, M.A,, F,Ji.S,f /director of the Gtologmd 

Parreg of Irdnnd. 

Trachyte is one of the rarest of the BiitLh rocks, and it is a< Vt'i uncertain Avhether 
it is to be found amongst these islands except in the north of Ireland. In this 
district it was identiiicd by the late Professor .hikes and Mr. Bu Never during the 
progress of the Geological Siir'iey in llii' Acnr Liider the name of “elaj’^- 

porphvrv ” of Snmly-brae, it is deMWibcd by lh\ Berger in bis paper “On the Geo- 
logical features of the Xorlh-oast of Iieiand”*; and the autlior giACS a short 
account of its characters and relations to the siiriouuding formations as it occurs 
both in Antrim and BoAAuit. 

Trachyte Porphyry of Antrim . — Tlio principal mass forms a group of cminencea 
about four miles to tlie north of the town of Antrim, enlled Tardree ^fountain, 
Carncnriiy Hill (104‘1 ft.), Brown Bod Hill, and 8coll)oa Hill. The tops of three of 
these liills are formed of basalt in beds cnpjiing- the tracliytic rocks ; and it is sup- 
posed that basaltic sheets enclose the Avhole of the tracb> tic district, though tlie 
suiwey of the district being incomplelo, the aciuul limits huAC not been determined 
ill every direetiom 

The mineral constitution of the trachyte is gdiornlly uniform, although the 
relative proportions of the individual min(*rals occasionally vary. In general the 
rock consists of a nearly Avhile or p-ev lelspathic base, Avith iiidhidiial crystals of 
sanidine and a triclinic felspar, blebs or grains of smoke-quartz, and rarely a little 
mica. In sonu^ place s the grains of silica are exceedingh' abundant, giving tbe 
rock tbe nppenrnnce of ihyolito or perlite, ns described by Aon Cotta. Minute 
crystalline giains of magnetite appear in n sliced sectiem. It is in this state that 

^ Oool. Trans. Lt sor. vol. iii. p. 169. Pee nlso Note to Hall’s ‘Ireland,’ vol, iii. 

t The trachyte porphyry of co. Down, near Hillsborough, is described in Iho Descriptho 
Memoir of tlie'Oeolegicul Purvey to accompany Shed 30. 
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part of the iron stated in the analysis below pi*obably occurs, tlioiigli a portion is 
distinctl}" oxidized. 

The rock is quarried as a building stone at Taixbce Mountain, where it sometimes 
assumes a columnar structure. A specimen from one of tlie quarries was subjected 
to an elaborate analysis by iNIr. E. T. Hardman, of the Cfeological Survey of Ireland, 
who gives the following as the constituents* : — 


Anah/sis of Trachyte Porphyry — 2'ar(h\Hi Quarry, 


Silica 

Alumina 

Peroxide of Iron 

Lime 

Magnesia 

Potash 

Soda 

IjOss by ignition 
Phosphoric Acid 


Sped He gravity 


per cent. 

TOObO 

5-101 

2-344 

7-0(>4 

0-295 

4-292 

1-818 

2-102 

trnce 

994)43 

2-433 


Pelatiom of the Traehytic ami Basaltic Pock'i. — Puring a recent visit the author 
ascertained with the greatest certainty the relative position of the trachytic to the 
basaltic rocks of the district. In the Hrst place, there does not appear to be any 
passage of the two classes of volcanic rock into (‘ach other ; and each having he(‘n 
erupted and spread ont in sheets, exhibits a laminated or bedd(.*d .sinicturc, which 
enaoles the observer to determine their relative positions without much dilKciiltv. 
Both at Carnearny and Tardree Hills the tnichyte porphyry may be observed to dip 
beneath the basaltic rocks of the surrounding country ; and tlu? observations made 
hero and elsewhere tended to show that of the two kinds of ruck the Iracliy tes are 
the older. 

On the other liand, both at Oarncarny Hill and Scolboa, tlie trachyte seems to 
hav-e been penetrated by ‘dieeks^’ of later date lilh'd with basalt, through which 
some portions of the overlying basaltic sheets may have lieim erupted. We are not, 
however, as yet in a position to say whether or not tln^ trachyte is the oldest and 
lowest of all the tertiary volcanic rocks of county Antrim, jxs its base is nowhere 
exposed t. 

The events which have taken place in the volcanic history of this locality appear 
to have been as follows : — 

/ At some early stage of the Miocene period large masses of trachytic rocks were 
poured forth from one or more vents, doubtless accompanied by craters as in 
Auvergne, After probably a long interval of repose, new eruptions of basalt and 
dolerite took place through fissures and small volcanic vents breaking tlirough the 
trachyte. These later eruptions of basalt may have enveloped the whole of the 
trachytic masses, which have been subsequently laid hare by denudation. The denu- 
dation of this region has been very great during- Bostpliocene and later times ; and to 
it is due the obliteration of tlic actual craters of eruption over the whole volcanic 
region of Antrim. 

Trachyte Penphyry of co. Bomi. — This rock is very similar in appearance and 
constitution to that of Antrim, consisting of a grevi^h felsitic base with crystals of 
sanidine and blebs of quartz. Tt is only visible at Ballyknock, about four miles west 
of Hillsborough, surrounded on all sides by Lower Silurian rocks, but not very far 
distant from the margin of tlie basaltic plateau of Antrim. There can be little 

* Journ. Roy. Gcol. Soc. Ireland, voh iii. part 1, p. 27 (now scr.). 

t Mr. Hardman considers that the amount of lime shown by the analysis proves that 
the trachyte has undergone some amount of metamorphosis or alteration, and considers it 
probable that it is consequently older than the basalt of Antrim, a view which subsequent 
examination in the field has enabled me to verify. Dr. Bryce thinks the trachyte occupies 
the position of the great ochre-beds. 
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doubt that it is of the same aco as the trachyte porphyry of Antrim, both being 
referable, in nil probability, to tlic great volcanic outbuists of the Miocene period. 

Considerable uncertainty exists regarding the relations of the Downshire trachyte 
to the volcanic rocks of the adjoining country. It only appears in two or three spots 
within a small area ; but the probabilili(‘s are that it is a portion of an old neck Irom 
which trachytic lava was erupt(>d coiiteinporaueously with that of Antrim. The 
liigher portion of tho niass, as well as the original vent, have been removed by 
denudation, and tlie district has since been deeply buried beneath 13oulder-clay*, 


On the liaised Beach of the Xorth-east of Ireland, B]f Professor Edward IIuix, 
Fdi.S.y Dirt eior of the Geohf/leal fSarvetf of Inland, 

All along tho ea>lern coa^t of Ireland, from Diililin Tlay nortlnvavd, tluTO are to 
bo found at inter^ als distinct (‘videiicc'S that tho coast lias been raisf'd in recent times. 
TJiese evid(‘nces art* divisibh* into two kinds: — First, th<' occurrence of a narrow 
fringe of varying el(‘\alioii, firm'ng a terrace extending fnr some distanee inland 
from the coast, amt composed of stratilied sand and gia\el containing maiine sheila 
belonging to speeios now inhabiting the Irish Siai ; and, si-eondly, the existence of 
old sea-worn cliifs forming the inland margin of thesi* tenaces, which are now 
beyond the reach of the liighest tides. In the. north of Ireland these clitfs are 
penetrated by eavi's which lia\ e yielded bones of animals, some of which are extinct 
in that part of the countyv, while the gravels of tin' old beach contain amongst the 
8i‘a-shell.s worked Hints in considerable quantity in county Aiilriin, which prove 
the elevation of the coast to have taken place since the human period. 

Tlie occurrence of the caves near the (Uaiit's Fauseway and the island of Rathlin 
was long ago noticed by Dr. Dryce and Mr. Andi'ew&t, while the existence of Hint- 
implenieiits of human workmanship in tho coast gravel of Larne and Belfast Lough 
was first brought into notice by the late Mr. D. V. Du Noyer| ; but, as far as tho 
author lind ascertained, no one has treated these littoral phenomena as a whole, or 
shown tliat they belong to one period of geneinl eli'Mition along the whole coast- 
line, and that tlu'v are represi'utt'd by similar phenomena on the coa^t of Scotland 
and th(^ north of England. 

Localities. — Commencing from the .southward, the rai.scd beacli may be observed 
in aevt'ial ]>laces around Dublin Bay, a.s aloiu tin' coast of Ireland s Eye, forming 
a W(*ll-marked terriici*; bidow Lt»wtlier Lodge*, near Balbriggan, and in several 
places south of the month of the Boyne, the elevation of the terrace varies from G to 
b feet above liigh -water mark. 

Along the Downshire coast the gratelly terrace may frequently be observed, ns 
at Cloughyiii the Ards, and along the coast at Killongh and Ardglass to the south- 
ern shores of Belfa.st lanigli. Along this portion of the coast the maximum eleva- 
tion is about 12 feet, as determined by Mr. Traill and the author §. On the north side 
of the Lough, and around the shores of Larue and Island Magee, tho gravel-beach 
with shells may bi* observi'd at Khaiibuoy, near (’arrickfergus, where its elevation 
is 12 feet — at Ixilroot, at J.(arne Harbour, and the eastiTii shore of I.sland Magee, 
with shells and worked Hints — and at numerous points along the Antrim coast, such 
as the entrance to (llenarillj Red Bay, Bidlycastle Ikiy, and Rathlin Island, where 
■we have examples of old eaves, sea-stacks, and shell-graA eL reaching to an elevation 
of 20 feet above high-water mark. 

It is in coiLsequenco of this gradually increasing clevatiini that the evidence of 
the rising of the coast becomes more striking northward; and from the above data 
it will bo seen that the maximum elevation ranges from about G feet in Dublin Bay 
to 20 feet at the extreme north-i'uslern point of iln^ Irish coast ; so that by an easy 
transition tho (*h^vation falls in Avith that of the “2o-feet beach,” Hrst described ly 
Mr. Sinitii, of Jordan Hill, Mr. Maclarin, and more recent 1} by Professor Geikie||. 

♦ Messrs. E. Unll and ,T. L. AVarreii, EKjdanntory Memoir to Slioel 36 of the Geological 
Survey of I rckmd 1 1 b V 1 ) . 

t Rril . Assoc. Rep. 1831, pp. 608 & 600. J Jovrn. CUol. Soo. London, a ols. x^iv, & xxv. 

§ Explanatory Memoir of tho Geological Survey of Ireland, Sheets 40 & p. 60. 

II Scenery and Geology of Scotland. 
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Similar phenomena are observable along the western shores of the British coast. 
Along the shores, bays, and headlands of xVrgyleshiro and Ayrshire we find the 
fringe of shelly gravel, the old coast dill) with caves and sea-stacks now high and 
dry, at an elevation nearly corresponding with that of the ■ caves, shelly sands, &c. 
of the Antrim coast. Southward, towards the shores of the Solway Firth, the 
elevation decreases, and this decrease continues till the evidences of a raised beach 
almost disappear towards the estuary of the INlersey, 

The identity, therefore, of the phenomena on both shores is evident, and is a 
matter of some interest in the physical geology of these islands. 

Elevation of the Coast since the human period . — Another feature of identity of the 
beaches on both sides of the cliannel is the occurrence of works of liuinan art im- 
bedded in undisturbed strata along with luaiiiio shells. Mr. Cloikie mentions that 
thirty canoes have been dug out of the 2'%feet terrace along the estuary of the 
Clyde. Along the Irish coast tlie abundance of worked Hints testify, as Mr. iJii 
Noyer has shown, to the presence of man along tlieso sliores wlum they were to a 
greater degree than at present under water. 'J'hose Hints have also been observed 
in the gravels of the coast of Bownshire, as well as in spots in the interior, and at a 
considerable elevation above the sea, imbeddcal in the soil. 

Shells of the liaised Beach . — The shells which occur in this gravel are generally 
blanched and fragmentary, but are all of species at present existing in the adjoin- 
ing sea. The following are the names of some at throe* dillerent localities, in 
the identification of wliieli tin; {luthorhas bc<‘n assist('d by Mr. W. II. Baily, F.(T8. 



Ball)riggau. 

Jvilroot. 

Larne. 

Anomia epliippiuiu 

— 

at 

* 

Cardium edule 
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at 

at 

echinatum 
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Dentaliuni eiitale 

Tlie- 


— 

Mya arenaria 
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Biiccinum undatum 
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* 

Nassa reticulata 
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at 
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\ 
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at 

Litorina litorea 


ar 
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Fusus antiquus 
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1 

1 

at 

Purpurea lapillus 

Tvissoa menibranacea 


— 

i ^ 

Trochus uinbilieatus 



! ^ 

Tnrrltolla eonimiiiiis ? 


Turbo cinercus 

•‘i: 

I — 

1 — 


Along the shores of Belfast Lough tlie raised gravel-beach rests on a blue clay 
of estuarine origin, containing a largo number of genera and species of shells, of 
which Mr. ,]. (Grainger has named eighty .species 'if, to which Mr. S. A. Stewart 
has added others t. Some of the.se species liavo disappeared from the Lough, 
and others are exceedingly rare. Wh(‘n this estuarine mud was deposited the 
waters must have extendesd considerably beyond their limits, even at the time of 
the formation of the 20-feet ” gravel -beach. The author suggested that this 
estuarine. mud may represent the earlier period of submergence— marked in the 
west of Scotland by the 40-fect water-lino, of which traces have been noticed 
by Scottish geologists^. 

* Trans. Brit. Assoc. 18.52, p. 43. 

t List of* Fos.'^ils of the Estuarine Clays of Down and Antrim, 1871. 

I Archibald Oeikie, ‘ Scenery and Geology of Scotland.’ 
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Afew RemarJcs on Suhmaruie E.vplorations, with reference to M, Delesae^s work 
entitled Litholoyie d it fond des Mers^ By J. *GwrN Jeffreys, F.It.S. 

The lithology of the sea-bottom is not only a vast subject in its various relations to 
natural history and physical science, but is especially interesting in a geological 
point of view, because every part of our globe has been at one time or another covered 
by the sea. Mr. J elireya contended tliat it is almofct impossible to ascertain, with any 
degree of certainty, what stratified formations are marine unless we find in them 
such remains of marine animals as w’ok} capable of being preserved. Exceptions 
doubtless occurs c. //. wln^re llxe stratum had b(‘<'n siihjt'ct to the action of carbonic 
acid, produced by the subsequent passage of rain or fresh water; in which case all 
calcareous organisms might have been diss(>lvt*d before they became silicified or 
petrified. He tlioii gave a short account of submarine explorations from the time 
when O. E. jMuJler first used a dredge for scientific purposes (about 1772) to the 
present day ; and lie summarized the results of the expeditions conducted by his 
colleagues and liinisolf on l)oard II.M.S. ^ Horcupine,^ under tlie auspices of the 
lioynl iSociety in 18()0 and [870. Hut next to nolliing is known of the enormous 
tracts of aea-bt*d which uuderlie the depths of the ocean in both hemispheres. He 
attributed the diffusion and geographical distribution of the marine Invertebrate 
fauna ft) the action of currtmts, and not to voluntary migration. 

M. Helesse’s work was recently published at Haris, and consists of two octa\o 
volumes, besides an atlas of charts and maps. The pveci>^e date of publication does 
not appt'ar ; tin* dedicatitin is dated 1st Decenil>er, 1871. It forms part of a series 
called < Hublications scienlitiques indiistrielles,’ and purports to have been edited 
with tlie sanction of the ^fillister of Marine and Minister of Public AVorks, 

AVhile giving Al. Didosse full credit for the laborious and conscientious manner iu 
which he has c\ idently peif()riii(*d liis gi*cat task, Ah*. .leliVe} s regretted that he had 
omitted to notice the rt'ports on di'cp-sea exploratii)ns published by the lloyal 
►Society in 18(»1) and 1870, or the address of Air. Prestwich (the late President of 
the (Jeological Society ), whicli was published in May 1871, and particularly treated 
of thos<' Ileporls. Al. Delesse i> a foreign member i>f the (leob^gical Society. Hy 
consulting what lind been published on the subject, Ai. 1 felesso would have been able 
not only to give fuller information, but tocorn‘ct errors which unavoidably occur in 
nno\'icnsi\e compilation. Eor ijistance, his map of Prance during the Tertiary 
epoch does not show tln^ communieation which has bt‘en proved by naturalists 
and geologists to ha\e then e\i'*ted betwi'eu the Hay of Hiseay and the Gulf of 
JjVous. Ai’cording to Al. Helesse, lhi>re has l)<*en no communication since the 
liiasMc period between the Atlantic tind the Ah'diterranean north of the Pyrenees. 
Iris divi.-^ion of the Preiieh jnariiu‘ fauna into three provinces (Geltic, Lusitaninn, 
and Al(‘diternnu‘an) does not agree with modern observations, /oopbagous inol- 
liiscn do not, as staUal by him, livi* on tli(»e which arc plulophagous ; pebbles 
galets are not e\ery where unfavourable to mollusea, e\eu on coasts exposed 
to a stormy seji ; and Poraniinifera iierer cra'\\l at the bottom of the sea. But it is 
to be hoped that these omissions and errors will rectilied in another edition of a 
w'ork so desirable and important to scientific inquirers. 


Note on the Discovenf of Cretaceom 7foc/>* in the Tshoid.^ of Midi and Inch 
‘ Kenneth. By J. AV. Judd, F.G.S. 

(Coinnimiicatcd by T. AI‘K. Hughes, F.G.S.) 

Air. Judd, after pointing out that the probable fiirtluT oxtimsion of llic chalk over 
a large part of Scotland had been inferred by the Duke of Argyll and Air. Jamieson 
from the occurrence of chalk flints associated with Tertiary volcanic deposits, 
announced that lie had now discovered, in the AAVstern Islands of AIull and Inch 
Kenneth, fossiliferous beds of Cretaceous age. 


On the Oeohyiced Distribution of Goitre in England. By G. A. Lebottr, F.G.8. 
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Notice of Veins or Fissures in the Keuper, filled with Blic^tlchone-hcd, at Gold-* 
cliffe in Monmouthshire, By J. E. Lee, F,G.S, 

The alluvial plain stretching along the south of Monmouthsliire, on the banks of 
the Bristol Channel; is broken in one or two places by liassic outliers, one of which 
forms the rising ground of Goldclilfe. The upper part of this outlier consists of 
Lower Inas and of the Ammoniies-phnorhis beds/’ The strata immediately 
below are concealed by a high sea-wall, built on the Keuper Claris, Avhich form a scar 
at low water. On this scar are many sequent ine projections of various lengths and 
sizes. Some of them are 2\ feet long, and a foot or c> en 18 iuclies»wide. In some 
cases one appears to run under the other, and many of them are rounded, both 
above and below ; not caused by the action of the present sea, but hav ing been 
originally of this form, for these rounded portions are covered by the original 
Keuper Marl. They all consist of liassic bone-bed, with scales of Gy role/m and 
teeth of Hyhodus and Saurichthys, It is presumed that these projections are the casts 
in the bone-bed of fissures made in the KeuvKU* before the bone-bed was deposited, 
which would then immediately fill tliem. The roundness of many of these pro- 
jections is endeavoured to bo accounted for by supposing these fissures to have 
oecn formed, either wholly or partially, as in the present day on clay-scars, by rills 
of running water on the marls previously to the deposit of the bone-bed. 


On the Occurrence of Copper- and Lead^ores in the Banter Conylomcratcs of 
Cannock Chase, By WTlijam Mot.ynevx, F.G.JS, 

The author first stated that the district known as Cannock Chase was at the pre- 
sent moment the scene of a seri(‘s of extensiv<'. mining-operations, which, if even 
moderately successful, would open up a very considerahle area of valuable coal- 
seams, computed at not less than ‘200,000,000 tons, and push outwards a distance 
of upwards of five miles the northern apc'x of the South-Stafibrdshire coal-field. 
This apex, as is well known, rested on Brereton, where the (h)al-measures are 
thrown down on the east by a fault of considerable range and intiueiice, and on the 
west they are overlapped iiiicomfonnably by Buntor conglomerates. ITom Brertdon 
the conglomerates continue northward over the Chase, which extends to within 
about four miles of the town of Stafford, up to wliich point the mining investiga- 
tions alluded to will be carried. 

The Cannock Mineral Itailway from Cannock to liiigeley occupies a valley 
which runs nearly north and south, and unquestionably marks a line of fault of con- 
siderable importance. This fault is laid down in the maps of the Geological Survey, 
and has long been hold as determining the western boundary-line of the workable 
coal-seams of South Stallbrdshire. West of this valley, from a point a little south 
of the town of Cannoclc, as far as Brocton and Milford, ranges the old surface-area 
of a large portion of Cannock Chase, the gveater part of which is at the present 
time in a state of nature. In the maps of the Geological Survey, this area, with 
but a trifling exception, is laid down as Bunter pebble-beds, overspread by uncon- 
solidated coiiglo]iierates of the Is\*w lied Sandstone j and it was in these beds, at a 
place called Shore Hill, about a mile norlli of the town of Cannock, that the author 
first delected, about two years sgo, the copper- and lead-ore to which tlie paper 
referred. The conglomerates are Ijcre exi)t)sed by a section of from 80 to 100 feet, 
and they dip to tlie west at an angle of about 20'^. Tliey consist of the ordinary 
groups of pc'bblcs and irregular intersections of sandy rockj and at about the 
niiddlo of tlie section occurs the copper-ore in tlie form of a green carbonate, in- 
termixed with the paste or cementing material in which the pebbles are set. The 
ore does not occupy any definite position in the gravels, nor is it confined to any par- 
ticular horizon. It is sometimes met with in little holes left by the decomposition of 
Carboniferous limestone or chert-pebbles : it frequently coats and even occasionally 
insinuates itself into the interior of minutely fractured pebbles, and in places occurs 
in quantities wliicli, if proportionately persistent, would be of groat commercial 
value. At this pit the copper-ores, so far as the author had found, were not directly 
asbociaied with lead j but about 20 feet beneath the cupper-bearing beds, the latter 
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ore is found to occur in a series of lliin cementing lines in the grnvtds, and follow- 
ing the natural inclination of the beds. In one instance the gravels are set in a 
light grey and greenish-yellow cement^ in which occur traces of lead^ iron, and 
aluminiuin soluble in acids. It is therefore to these conditions, namely the ad- 
mixture of copper- and lead-ores with the TIuntington gra^ els, that they owe their 
peculiar character as detrimental to the growth of Aveeds, and from which, but 
previouvsly unknown, circumstance they have a large demand as material for the 
formation and repair of private roads and walks, the gravel having been sent so far 
as Ireland for tins purpose. 

During the early part of the present year the Fair Oak Colliery Company com- 
menced sinking a pair of shafts for coal 4 milrs to the north-ea.st of the lliint- 
ingtou gravel-pits, about miles north of tin' West Camna-k C'olliery, half 
a mile west of the assured boundary fault, and about "J miles west of the 
Ikereton Collieries. Tlie sinkings commence in drift sands and gravel, and are 
succeeded })y Ihinter conglomerates. At a deptli of 2‘d fb. ^ from the surface 
lead-ore occ\irs in large quantities, dbsemiuattMl freely anioiigst the gravels, 
which arc coar^o, and set in an cxeessively hard calcai eons ccunent. The ore is, how> 
ever, by no means continuous or persistent in its occun’cncc, but is found at irre- 
gular intervals in larger or .smaller quantities, mixed up both with fine and 
coarse gravel, downwards to a depth of <'^'’) feet from the surtace. At 75 feet in the 
shaft copper-ort‘ first sliows its(‘lf, and is in tliis cast' distinctly .separated from the 
lead. Ill passing further doAvnwards, hoAvever, both these ores are foimd freely asso- 
ciated together and in large quantities; ])ut the fornuu*, .so far. by no means reaches 
the percentage of the Huntington .specimens. In this particular instance (that is, 
the association of the two ores) the Fair-Oak ores difh’r from tho.se of Ilnntington, 
although it is of course, quite probable that thi.s may not he so in ground at pre.sent 
unexplored. The Fair-Oak on' consi^ts of a green carbonate, {H:casionally passing 
into malacliite, or carbonate and hydrate of copper; and there are also in some spe- 
cimens traces of oxid(‘ of copper. The lead, which indiAidually is more abundant 
than at Huntingdon, occurs in the form of ordinary gahuia or sulpliide of lead ; but 
so far no other ores, except manganese and iron, have been detected, although it is 
most probable that both cobalt and nickel, and possibly tin, may exi.^t in small 
quantitie.s. 

AVith regard to the origin of these ores, or nnderAvhat condition they were pro- 
duced, the author Avould not a enture an opinion ; but he believed that they AA^oiild 
be found to determine the lines of sonu' important disturbance. Their occurrence 
at these particular and Avidely .^si'parated points Avas ceilainly curious and worthy 
of investigation. Hoav far they extended uoAvnAvards in the gravels Avould be ascer- 
tained by the sinkings, but they had not hitherto betm met Avilh beloAV 108 feet 
from the surfiice. The author concluded by obserx ing that he believed this Avas the 
only knoAvninstance of the occurrence of copper- and lead-ores in undoubted Buntcr 
conglomerates in England, 


On the Presence of AnJeed EeJunodermaht (Ilolothuiia) in the Inferior Oolite 
and Lias. Bij C. Moose, F. G.S, 

The Ilolothiiridm avo a group of animals allied to the F.chinodermata, but are 
destitute of shelly covcring.s. Hut sixteen recent Hriti.sh spec ies are kiioAvn, and 
in size vary, according to their genera, from 2 inches to ll^ inches in lengtli ; the 
latter belong to the CTicumarim, Avhich on being brought up by the dredge have a 
marked resemblance' to a disagreeable-looking, thick-skinned, i^liniy cucumber, 
many of the genera (of Avhich there are but six British) being very rare. One of 
the rarer of those is the Sj/napta, Avhich ha.s imbedded in its skin a number of veiy 
minute spines in the form of aiiehors, by means of AAdiich, Avheu touehed,it adheres 
closely to the lingers. A (h-eenlaiid species, allied to Chirodota^ has its skin fur- 
nished with exceedingly minute XAiieels, Avhich are knoAAU by being very pretty 
microscopic objects. vSofl-bodii d animals haAc almost entirely di.'^appearcti in a 
fossil state; but through the discovery by the author of the Avheel-plate.s alluded 
to, ho ia able to establish the presence of at least four species of JMothiiria in the 
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Liaa and Oolite — one being from the Inferior Oolite^ one from the Upper Lia^, and 
two from the Middle Lias. 'Flie little wheel -like plates, which are about the fortieth 
of an inch in diameter, belong to Chirodota^ and present considerable variety in form, 
&omo of them indicating structure not hitherto seen in recent species. Tliey are 
formed of a number of minute wheel-spokes, varying from live to thirteen, which 
start from a central axis and are surrounded on the outside by a wheel-tire ; on 
the inner edge of some species aro a series of very minute teeth extending over 
the central cavity. One of the prettiest forms is from the Interior Oolite, which 
the author did himself the honour to name Chirodota Carpenteri, after the President 
of the Association, who liad done so much for microscopic science. In this species 
the wheel-tire was divided into a number of sections, giving it a very ornate 
appearance. The author concluded by expressing a hope that this interesting class 
01 animals would rcceiv^e a more systematic study than had hitherto been given to 
them. 


On the Qeohrpj of the Thunder Bap and Shahendotran Mininj'Districlfi^ on 
(he North Shore of Lahe Siqyerlor. Bp II. Alleynk jS^icitoLsoN, JDNc,, 

FM^S.E., Professor of Nati(r(d llUtorp in Universitp CoUepc, 

Toronto. 

In this communication the autlior gave a short account of the leading geological 
features of the mining-districts of Tluinder Bay and Lake Shabendowan, on the 
north shore of Lake Superior. After giving an account of the chief points of 
interest in the physical striicturo of Tluindm- Bay, it was shown that the chief 
metalliferous veins of tliis rc'gion aro situated in tlie group of rocks which are 
known to Canadian geologists as the “ Lower (Jopper-bearing sevit's." The litho- 
logical characters of this series were brietly descri])ed, and it was shown that the 
age of the group is probably Lower Silurian. Finally, the author described the 
leading lodes of the district, and pointed out that it was likely to become one of 
the richest silver-bearing regions in the Nortli-Americaii continent. 

The Lake Snpenor gold-districts are situated round J.ake Shabimdowan and to 
the N.F. of this, and occupy a large area of coiinlry wliieli is placed alioiit sixty 
miles from Thiinder'Bay, ami is ix'aclied by ['the Bed Jli\(‘r route.’’ The geology 
of the country intervening between Thunder Bay and Lake Sliabendowaii was 
briefly described ; and it was shown that the auriferous veins intersect a vast series 
of lluronian slates. Tiieso slates arc for the most part greenisli grey in colour, 
sometimes tine-gi'aiued, sometimes breceiated, and oft(*n glossy and soapy from 
the presence in them of talc. The slates are iiiterstratili(.‘d with beds of trap ; and 
the author drew espeeaal attention to the exceedingly close ivs(‘mblaiice whicli they 
present to the so-called ‘‘ Creen Slates and l^orpliyries *’ of the laike-distriet of the 
North of England — a resemblance whicli is sliowii, not only in the mineral natuio 
of the rocks, but in the kind of scenery pro<lnced by tludr weathering. The author 
also expressed his opinion that these Jliironian slates, tlioiigh generally spoken of 
simply as ‘‘ talcose slates, are truly of the nature of bedded felspathic ashes, and 
that the talc which they contain is a secondary product developed in them byme- 
tamorphic action subsequent to their original formation. Tlie gold-bearing veins, 
hnally, were shown to liave generally an E. and AV. or I'kN.F. and W. 8 .W. direc- 
tion, conforming to the strilte of the rocks which they traverse ; and the ores which 
they contain were shown to bo chiefly auriferous copper-pyrites and free gold, with 
the occasional occurrence of galena, silver-glance, metallic silver, and iron- 
pyrites. 


On Ortonia, a neiv Genus of Fossil Tnhicolar Annelldes, vnili Notes on the 
Genus Tentaculitee. Bp II. Allkynk Nicholson, M.D,y B,Sc,, F,B,S,E,y 
Professor of Natural llistorp In Universitp (Jollepey Toronto. 

Having carefully examined numerous examples of the genus TentaciditcSy Schlot., 
the author had arrived at the opinion that fossils of very different zoological alHni-. 
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tioa had been included under this head. The genua TeMamlites is truly referable 
to the Pteropoda, and therefore all the forms which belong here must necessarily 
be free and unattached to foreign objects, since an attached or parasitic Pteropod 
is not conceivable. Similarly all the forms of Tentaculitoi proper must posse<<s a 
straight shell, since the shell of the Pteropods is always either straight or regularly 
curved. No irregularly twisted and contorted tubes can, therefore, be properly 
referred to Tentacidites. 

In accordance with these principles, the author formerly established the genus 
ConchicolitcSf to include Tubierdar Atiiiolides the tLibv‘s of which are attached 
socially in clustered masses U) dtvul sludls (AiiK'rican Jourii. of Science and Arts, 
vol. iii. No. lo, 187:2). Tlie author now proposed a second genus, under the name 
of Ortonifif after its discoverer, Mr. 1‘hlward Orton, of Ohio, to in. dude certain other 
Tubicolar Annelides which had been previously referred to TcntufuUlc'i. The genus 
Ortonia comprises the single M)ecies O. conica^ which is doubtfully identitiud with 
the Tenfaculites JIcxiuku of Ilall. Thti only known sp('ci(‘s is from the Lower 
Silurian (Oarad ^c) of North Anuirica, occurring in the rocks of the ^‘Cincinnati 
Group” (Iliulsou-Uiver series) of Oliio. 'rhe following diagnosis gives the 
characters of tlie genus .and species 

OjiTONiA, Nich. Animal solitary, inhabiting a calcaiv'ous tube, which is 
attached along the whole of one side "to aom<‘ toreign body. Tube slightly floxnous, 
conical, in section cylindrical or subtri angular. Walls of the tube thick, cellular 
along tlie margin oppo'iite to the attached surface, and markedly aimulated by 
transverse ridges or rings along Die sides. 

Ortonia Tubes growing att.i(died to the sludl of some mollusk; 

varying in length from | to \ an iiieh, with a diameter of about of an inch at 
the mouth. Lateral annulations of the luho varying in number from .‘50 to in 
the space of an inch. Surface smooth and completely destitute, so far as obserNcd, 
of longitudinal strim. 


^otes on Machairodus latidens />// ’ ID'v. T. ^lacKiiery in Kenfs 

Cavern, Torfj^mn/. Ihf W. Pi:N(ii:Li.Y, F.U.h. 

In tliis conimunicjili'on tin* author discus'^id th«* following (piestions: — 

1st. Did Mr. MacKiiery find mon? than Ha e caniiu's of Mnehairodut, iafidem in the 
Cavern r* 

2nd. Did ho find llnnr more than one incisor of this species ? 

I5rd, To what ova diil the Kent’s Iltde ^^avI^^firodn'< bt'long? 

1. Having pointial out that in his “ (VAern Kesoarclies Muel'hiorv mentioned no 
more than live canines, all of A\*hich had been traced, and explained iliat it had been 
infoiTod from certain expressions in documents presevA ed by the "^’orkshire Pliiloso- 
pliical Soch'ty that a sixtli canine, found in tin' (^nern, had been presented by 
MacEnery to the Museum in the .lardiii des Plantes, ikuis, the author stated that he 
of M(tchairodtfs, wlicnco it lias lieen interred tliat two incisors Avere found by 
had recently Aisited the Museum for the purpose of investigating the question, and 
liad found that plaster casts of a canine, and not an nclual tooth, had formed part of 
JMacEiK'ry’s present to ( hivier. 

2. Proceeding to the seeoiid question, he called attention to a plate, in Indian 
ink, the property formerly of Mr. ^lackhiery, but iioav of the Torquay Natural- 
lli.story Society. It contains live iigures, three of them repri'senting tAVO inciaoi'S 
JMacEiiery. In reply, it Avas pointed out that MacEnery immtions but one incisor, 
that tliere was no evidemeo that the Iigures represented Kent’s Cavern specimens, 
that tho plate certainly did not belong lo the Cavern series, and ayus never referred 
to in MacEnery’s manuscripts. 

8. On the third and most important question (the era of tlie CaA^ern 3fachairo^ 
dus) it was shoAAm, from MacEnt'ry’s statements, that the canines and incisor 
Avere fmiid in a branch of Kent's Hole knoAAUi as the Wolfs (^ave, mixed with re- 
mains of tho ordinary caA^e mammals (Rhinoceros, Elephant, Horse, Ox, Elk, Deer, 
Ilytena, Bear, Wolf, and Fox) — that though of delicate structure, they, unlike some 
of tho specimens found Avith them, bore no indications of contusion or abrasion — and 
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that their fangs had been gnawed. To this it had been objected that the Cavern con- 
tained two ossiferous deposits — one, termed Breccia,” found only in certain 
branches, the other, kiiow^n as Cave-earth,” much more widely spread and of loss 
antiquity — tliat fragments of tiie former >vere in certain localities found incorporated 
in the latter — that in all probability fossils bad been occasionally washed out of the 
Breccia and redeposited in the Cave-earth — and that the followdug was the problem 
to be solved : — Was not tliis the history of the remains of Machairodns loimd in 
Kent’s Hole ? In reply, the author stated that whilst the Breccia teemed wdth 
fossils, they were the remains of bears only, that they were in a diilerent mineral 
condition iroin those found in the (Jave-earth, and that the teeth of Maclinirodus 
were in this respect identical with the latter — that whilst the fangs of tlie il/a- 
cAafrocfw5-teeth w’erc c(‘rtiiinly gnawed, there Avere in the Breccia no indications of 
the hyaena, to which tlie w('rk was no doubt to bo ascribed (none of his teeth, or 
his coprolites, or bones gnawTd by him) ; hut in the Cave-earth liis reniHiiis were 
more abundant tlian those of any other animal — that in tlie Wolfs Ca\e there were 
no traces of the Breccia, oitlier w nduy or in iiicorporatt'd fragments — and that the 
absence of marks of conlusion or abrasion w’as iuconipatibh) with the hypotlu'sis 
of dislodge ment and re- deposit ion. 

The paper concluded with the following expres.^ion of opinion on the three 
questions discussed : — 

1st. There is no reason for believing or suspecting tliat more than five canines 
were found by Mr. ^lacEnery. 

2nd. The evidence that more than one incisor w'as found by Mr. Maclhiery is not 
conclusive. 

3rd. Machairodus latiden,^ belonged to the era of the Cave-earth of Kent’s Cavern. 
There is at present no evidence that it belonged to the earliiu’ period represented by 
the ‘^Breccia;” and should vsuch evidence present itself lu'reafter, it ’svill simply 
prove that, like Umm spehnfs^ Maclndrodm belonged to both eves. 

P.8. Since this paper was written, a fine incisor of jl/oe/iroVor/a.s /(tfidois has been 
found in Kent’s (hwern, by the (Vmmittee appointed by the British Assiuuation to 
explore the Ckivern. It lay witli the left loAver ja\v of bear in the upptrmost foot- 
level of the Cave-earth, and had teeth of liymiia, hear, and linrs(‘ vertically below 
it, thus confirming tlie conclusion already arrived at respecting its era. 


Oil a remarlahle Blocl' of Lava ejected Juj Vesurlnt^ at the Great Eruption, 

April 1872, which proves the formation of Silicates throiajh Sublimation. 

Bif Herr G. vom Bath, Bonn. 

The aggregates rich in minerals found in the strata of tulf on Monte di Somma 
are known to all mineralogists, ^lost of these magniticent mineral ajrgregates are 
no longer ejected by the Aolcano of to-day; but even now fragments of ancient 
lava are to be found amongst the projectiles of the volcano, distinguislied by larger 
crystals of leucite than those in the more recent lava-streams and in the 
scorije. 

It is of high geological interest to examine such evidence as may allow of newly 
formed minerals being recogiiized. Thus the ordinary lava, wdth iU manifold mix- 
tures of minerals and the delicate crystals in its caviticwS, cannot be the product of a 
simple cooling. Some of the crystals found in the lava were already in existence^ pre- 
viously and 'vvere swimming in tlie stream, -while some w’t're crystallizing out of tho 
fiery mass during the progress of its solidification ; and, lastly, certain crystals appear- 
ing in cavities indicate tlie cooperation of \appiir which had been active in tin; igne- 
ous magma. Tho distinction of tho variou.s formations of minerals is exceedingly 
difficxilt in the ordinary lava and soonre, ns in the flowing and cooling lava diflerent 
mineralogical processes may combine?. A more favourable condition for observa- 
tion is presented when a mass of ancient lava has been suhjt'cted again to volcanic 
activity, and has served partly as a suhsiratum, partly as the ba^^e for new minera- 
logical formations. It is easier by far to distinguish such newly formed crystals 
accurately from tho original la\a in the blocks ejected than in tho ordinary lava. 

The study of such matters is conducting us to the view that the quantities of 
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water, liydrocliloric acid, sulpliiiric acid, &c. exhaled by the craters and by the 
streams of lava are not only an accompanying phenomenon in the production of 
volcanic rocks and mineral aggregates, but that they are essentially cooperating 
agents in their origination, li* once wo succeed in proving and explaining the 
origin of minerals through vapours, or by cooperation of vapours, then will the key 
to many a problem relating to the platonic rocks and their mineral veins bo 
found. 

A block of lava ejected by Vesuvius in its last eruption is very iiLstriictive, as 
throwing light on the formation of liiinends hj' volcanic vapours. This block 
ehoAVS that in its interior small and tine crystals of pyroxene, mica, sodalite, hoema- 
tite (specular iron), and magnetite were formed, whilst at the same time in the peri- 
pheric zone the pyroxene was melting and the leucite being destroyed by the vol- 
canic heat. 

Originally our block of lava had doubtless the appearance of so many varieties of 
lava from the dykes of the Somma. The character of the ^Oava antica*’ is well 
known to those acquainted with Vesuvius. The original nature of our rock is in- 
dicated by thickly agglomerated leucite of sizes up to li millims. (scarce), green 
pyroxene as large as 5 millims., and a magma with a great many ea\ilies. (jur frag- 
ment shows the cunslitulion of the outside as well as of the interior. It is enclosed 
in a covering of black lava a few millims. thick, which is full of bladders on the sur- 
face, towards the int(‘rior dense and iindted like obsidian. In this crust it is clear 
that some parts of the ancient la\a, for instance tlie pyroxene, were melted with 
the new lava, in the midst of which our block was boating in the depths of the 
crater before the eruption. Thougdi in the periplieric zone tliere is notliing to bo 
seen of pyroxene, the Icucite-crystals have b(‘eu d(‘stroyed, but not melted j they 
rise out of the black scoriacc'ous matter jus white grains soaked tlirough,as it were, 
by the grey melted mass. To this external zone another succeeds, lO-io millims. in 
thickness, ill which the rock is lirm and compact, and nothing is to he seen of new 
mineral formations. At this zone the p) roxene-crystals ar(‘ likewise melted, and the 
cavities of the rock are lilled willi the melted mass penelraliiig from the outside. 

1 low could tlie liaiiiialite have been formed so as to escape being fused down with the 
igneous silicate ? At a di^tanc<' of 12-15 millims. from the periphery the pyroxene 
is not nielt(‘d, at lejust not totally, to gla.s.<jy drops ; and it is here that, naturally 
'without distinct limits, the inner part of the block commences in which the new 
format ions have taken place. The cavities liere are not lilled witli a mtdted mass, 
hut covered with small delicate crystals that sparkle brightly and arc in marked 
contrast with tin* dense melted magma of the periplieric zone. The sparkling 
covering of the littlo geodes consists principally of hicmatite and reddish-yellow 
pyroxene. In some (unities the sparkling is due to plates of hicmatite, in others 
iietirly enlirtdy to rt^ddish-yellow pyroxene. ^loNt of them show both minerals 
together and in intimate* mixture. Both minerals, luematile and pyroxene, 
appear not only in the cavities, hut also in the smallest lissures and holes of the 
general mas.**, and even of the leucit(\ Studied by a lens, the rock is seen every- 
where to exhibit minute shilling points of black luematite and red pyroxene. The 
littlo pyroxene-crystals, apjiearing here as new formations, resemble in colour and 
liahit exactly those crystals which seven years ago I found implanted on the 
volcanic hc'emntito of the spent fumarolo in a scoriaceous hill near our lake of 
liaach, and xvliicli I announced as the lirst decided proof of a silicate originated by 
sublimation. Magnetite in small quantities, hut in the same circumstances as 
pyroxene, is also found in our rock. By close observation of the little cavities one 
inay also observe a fourth mineral in white crystals of pearly lustre, formed like- 
wise by siihlimalioii. It was somewhat dillicult to deleriniiio that mineral j it has, 
however, been done with groat certainty : it is sodalite. 

The formation of luematite by volcanic sublimation, formerly n riddle, is now 
quite understood ; but the chemical process, how silicates are formed by sublima- 
Uon, is not as clearly understood even now. (Ihcmihlry will succeed in explaining 
this geological fact, as it has done with the volcanic luematite. 

Evonno'w wc can settle with precision that water and chloride of sodium effect 
principally the origin of silicates by sublimation, as is the case 'with the volcanic 
hsemalite. Certainly it is not accidentally that wo find sodalite, the silicate most 
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rick in sodium, to be sublimated by volcanic processes. The chloride of sodium 
derived from the sea is separated by the chemical actions of the volcano. Chlorine 
unites with hydrogen, iron, kc , ; sodium plays its part in the formation of sodalite. 
Sea-water is the gi’eat source of volcanic phenomena, as well in the mechanical as 
in the chemical point of view. Steam raises the melted matter upwards to the 
border of the crater; steam and sodium operating on the ‘lava originate new 
minerals. So sublimations will solve many problems iji regard to new and ancient 
mineral formations, not to be explained either by supposing a merely aqueous pro- 
cess, nor by crystallization* out of a molten lliiid. 

Twenty years ago Prof. Scacchi of Naples did suggest the sublimation of silicates 
at Vesuvius, without producing siitlicient proofs to secure belief in this seemingly 
incredible fact. The pyroxentis implanted on the volcanic luematite in the neigh- 
bourhood of our lake of Laaeh, and the matter eiected by ^T‘suvius during the 
last eruption, place this remarkable fact beyond doubt. 


On the Coal^ and Iron-Mines of the Ariejna District of the Connamjht Coal- 
mensareSj Ireland. By T. A. Pkadnmx, F.G./i.* 

The author first gave a sketch of pr('vious writings upon tliis district, and 
acknowledged liis indebtedness to the Geological JSiuAe}- of Ireland for assistance 
in liis researches. 

Tlie shales overlying- tlie Pppor Limestones of the district were surmised by tlie 
author to belong to the Yoredaio scries. Over these tlnu’e arc grits and shales, with 
three seams of coal, which tlie author referred to the GaniiLter series, remarking 
that a bed of true ‘^gannister ” occurred tliere. 

The coal-lield was divided into three districts hy tlie aiillior, each of wliich was 
separately described, lie noticed at some length tlie clay, ironstone bands, and 
nodules, which occur over a luueli larger area tlian do the coals. The ironstone is 
richer and purer than most of the luiglisli elay-iroiiNtone. 

The coals contained an average of 77 per cent, of carbon, and the limestone an 
average of 40 per c(Uit. of metallic iron. 

The author believed tliat tlie time bad coiim for a vigorous and scientific explo- 
ration of the district, wliich ho bdt convinced would soon beconu', as Sir P. Kane 
had long ago predicted, ‘Gm imiiortaiit centre of indu>tfy fur tbc interior of the 
country.’^ 

On the Occurrence of a British Fossil Zcuglodon at Barton ^ Hants. 

Bif II. G. SniiLHY, F.GrS. 


On certain Quartz-Nod ales occurrinr/ in (he Cnjsialline Schists near Killing 
Firthshire. By Pobert Sim, 


On the Suh-Wcaldcn Fj,r])loration, By W. ToriEY, F.G.S, 

The author stated that this paper "svas submitted to tbc Section with the view of 
giving some information as to an experiment just being commenced to explore, by 
boring, the rocks underping the Weald of Sussex, especially to reach and 
ascertain the nature of the pulnpozoic rocks. This undertaking has been planned 
by Mr. Henry Willett, in honour of the vi.sit of the Association to Brighton. 

The aiillior first described tlie general structure of the Weald, illustrating hi.s 
remarks by reference to the rocks exposed along the London and Brighton Pailway. 
The lines of disturbance traversing this area were also described ; and particular 
reference was made to the lowest known beds of the district (the Ashbiirnhnm bods), 
which are brouglit up to view by the main anticlinal on the nortli of Brightling. 
The ascertained thickness of these Ashbiirnham beds W’ns slated to be about 3^)0 
feet, and the lowest knowm beds were show^R to lie close to the surface in Poimden 
Wood, near Brightling. 
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The ^uthor then passed on to describe the range of the older rocks, with their 
associated Coal-measures, from the south of Ireland, through the west of England, 
and then again in ] Belgium. Following the reasoning of Mr. Godwin- Austen, as 
laid before the Geological Society in 1855, the author Slowed that a ridge of palaeo- 
zoic rocks must extend under the south-east of England, and that such had been 
ceiiainly reiiched at Harwich, possibly also at Kentish Town. The likelihood of 
the occurrence of Coal-measures along this line was also discussed. 

It was shown that in the Jloulomuiis the (carboniferous lamest one, where last seen, 
is dipping south ; and that in the Pays do Bray, near CJoiirnay, Carboniferous Lime- 
stone has been found jit a depth of only 22 metres below Kimmeridge clay. From 
these facts it seems extn inely likely that a trough of (Joal-ineasin es may lie between 
these two points ; and if so, this trough will probably be contiiimal westwards under 
the Weald. But of this, and even of the eharnoter of tlie Coal-measures if found, 
there must necessarily he great iincertaiiitv. The sub- Wi'nlden boring njay not at 
once detennine these points, but it will give im])ortnnt data towards the future de- 
termination of them. Witli regard to the thiekm ss of the rocks to bo passed 
through, nothing C(‘rtain could be said. The author, as the result of a careful exa- 
mination of tlie evidence, concluded that ItiOO fetd would probably he the maximum 
depth to the paljcozoic Kadi'S. ^Ir. Prestwicli, as the result of other inquiries, had 
suggested 170() feet a^; the maximum de])th. Thes(‘ results, independently arrived 
at, gave great hopes that the numbers named would not be exceeded. The minimum 
depth cnuhl seanadv be le^s than t‘>00 or 70<> feet. 

with regsKl to the site selected for tlu^ boriim, it was .vhown that it was on the 
lino of the main anticlinal, an<l within about 100 fed of tin* lowest known part of 
the Ashburnliam beds, and coiisi-quciitly in a uio-'t favourable spot for this experi- 
ment. 


On the Geoh)if}j of Monh, Btf (he Bov. Canon TiasinvM, LL.D,, FM.S* 

Tu this paper it was shortly staled that the \ alley of the Jordan eoiueides witha 
synelinal tine. On tluMvestern si(h‘ of llie Dead Siai tlnae are only three springs, 
and hero tlu're are va.Nt banks of marl heaped again"! tin' elills. On the oa&t side 
iluTo is hut litth' marl j tlie clitls are formed of Kew Bed Sandstone, and w'horctho 
l^loccno limestone reds upon this, there are numerous springs. The basalt of 
the distriet is modern, as the la\a-stivams overlie the Tertiary limestones. No 
erater.s were observed in this distiiet, and the origin of the lava is at present un- 
known. To the north-east of the Dead Sea there is a fertile plain of New Bed 
Sandstone, backed on the east by a range of limestone hills (Tertiary); beyond this 
there is a region as yt't wholly unexplored, which was reported to he a vast volcanic 
tract covered with ruined citi('s. 


On (he Foi'nutiion and Stratifiiation of Scdlrniufar^ Focks» 
Jhj T. Ogier Ward, M,D, O.von, 


On Slivl'iusldtii, oe Ihdthcd^ Polished^ or Str!a({d Focls, 
ihj T. Ogier Ward, MM, 0,von, 


BIOLOGY. 

Address hj Sir John Liujrock, BarL, MJ\, F.Ii.S., Vice-Chancellor of the 
University of London, President of the ISectlon, 

Advertino to the introduction of natural science into our great public schools 
Sir J. Lubbock was glad to say that the K'gulations which are being drawn up 
under tbo Public Schools Act by the new governing bodies pjenerally contain a pi-o- 
vision that natural science shall bo taught to all boys in their passage through the 
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schools. lie hoped that this provision would be fairly carried out, and that ^ 
proportion of time, of the scholarships, and of the exhibitions would bo devoted to 
natural science. It was only fair to say, with regard to private schools, that they 
had little choice of action until the universities and great schools led the way. A 
deputation of the Council had waited on Mr. Forster, to urge the importance of 
the introduction of natural science into the elementary schools also of the country. 
The Government had distinctly abandoned the principle that primary education 
should be confined to reading, Avriting, and arithmetic ; but little had been effected 
as yet for the practical introduction of scientific instruction. The experience of 
Dean Dawes and Prof. IlensloAv had conclusively shown the aptitude of the 
children for such instruction ; and he rejoiced to see that the School Boards of 
London and Liverpool had determined on the introduction of elementary science 
into all schools under their control. If it was objected that this could only 
amount to a smattering, it might well be asked, who has more ? Those Avho are 
most advanced in knowledge know best how slight this knowledge is. Indeed 
every fresh observation opens up new lines of inquiry. Kvery biologist would 
admit the impulse to research which had been given by the publication of Mr. 
Darwin’s ^ Origin of Species.’ Yet it was surprising how much fundamental mis- 
apprehension still surrounds ^Ir. Darwin’s views. Thus Browning, in one of his 
most recent poems, said 

Tliat mass man sprung from was a jelly lump 
Once on a time ; he kept an after course 
Through fish and insect, reptile, bird, or beast, 

Till he atlained to bo an ape at la&<. 

Or last but ono. 

It was hardly necessary to point out that !Mr. Darwin would be the first to repu- 
diate such a theory. These types of structure miglit be derived from one origin ; 
they were certainly not links in one sequence. It was ono thing to recognize in 
natural selection a irra caum ; it was another to assume that all animals were 
descended from one primordial source. .\s to the first alternative, he could not 
himself feel any doubt ; and Avliatover conclusion miglit be come to as to the 
latter, the publication of the ^ Ori^ii of »Sp(‘cies ’ would not the less have consti- 
tuted an epoch in biology. IIow far the present condition of living beings was due 
to natural selection, — how far, on the other hand, the action of natural selection 
has been modified or checked by other natural laws, by the unaltorability of types, 
by atavism, &c., — how many types originally came into being, whether they had 
arisen simultaneously or successively, — these and many other similar questions 
remained to be solved, even if we admitted the theory of natural selection. All 
this, indeed, had been clearly pointed out by Mr. Darwin himself, and would not 
have needed repetition but for the careless criticism by which, in too many cases, 
the true question had been obscured. Without, however, discussing the argument 
for and against Mr. Dar^vin’s conclusion, we so often meet Avith travesties ot it like 
that which he had quoted, that it might he worth Avhile to consider the stages 
through Avhich some one group (say that of insects) had come to be what they 
were, assuming them to have developed from simpler organisms under the influenco 
of natural laws. The question was one of great ditliculty. It Avas liardly neces- 
sary to say that they cannot have passed through all the forms of animal life, and 
the true line of development would not he agreed upon by all naturalists. Almost 
every one would, however, admit that embrj'ology and development Avere our 
best guides. The various groups of Crustacea, for instance, liowever different 
the mature conditions, Avere for the most part very similar when they quitted 
the egg. 

So, again, in the case of insects; the differences between the different groups of 
insects were indeed great. The stag-beetle, the dragonfly, the moth, the bee, the 
ant, the gnat, the grasshopper ; these, and other less familiar types, seemed at first 
to have little indeed in common. They differed in size, in form, in colour, in 
habits, and modes of life ; yet, folloAving the clue of the illustrious Savigny, it had 
been shown, not only tliat they were constructed on one common plan, but that 
other groups, such as Crustacea and Arachnida, could be shown to be fundamentally 
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similar, _ If we compared the larvre, this fact became much more evident. It had 
been pointed out by Brauer and aho by him.self that the two types of larva? wliich 
Packard had proposed to call the eruciform and leptiform ran throug-h the principal 
groups of insects. This was obviously a fact of great importance. If individual beetles 
were derived from a form very similar to that of the existing genus Campodea, it 
was surely no rash hypothesis to suggest that the Coleoptera as a group might bo 
so. If he were asked to describe the insect typo, he would say it was an animal 
compo.sed of head with mouth-parts, eyes, and antennfc, a thorax made up of three 
segments, each with a pair ot legs, and a manv-?egmented abdomen with anal 
appendages. This, for instance, would desiTibe the larva (T a small beetle named 
Sitaris; and, speaking generally, it might be said that (excepting the weevils) 
Coleoptera generally were derived from larvie of this type. The same was also 
true of Neuroptera, Orthoptera, and Trichoptera. The larvm of Lepidnptera, from 
the large size of tho^abdonien, had been generally, and, as ho thought, wrongly, 
classed with the maggots of iiies, bees, t'tc. Tlie three thoracic segments wore, 
on the contrary, marked by legs, and, excepting greater clumsiness in general 
appearance, th(‘y essentially agreed witli the type already described. No Dipterous 
larvje belonged, however, to this type. Insect^, then, widely diilerent in their 
mature state closely ngre(*d in their larval states. Was there any mature form 
which also corresponded to the hexapod larva? of insects ? We need not have 
boon surpri.sed if this typo, through which it would appear that insects must have 
passed so many ages since (for winged Neuroptera have been found in carboniferous 
strata), had long ago become extinct. But the genu=^ Cmnpodra still represented 
it. It seemed to him also highly significant that its moutli-parts were intei'inediato 
between the liaustellate and iinnulibulate types. There wen* good grounds, tliere- 
Ibre, for considering tlie various typos of insects to liav(' de.-cended from ancestoi'S 
mort' or less n'senibling the genus ('ampodra. 

This ancient type may havt* b(H*n poss-ibly derived from oindcsshiglily developed, 
resembling the modern Tardigradc.s, .such as Mavrohiotus, Further still, such 
genera as LimUn clo.sely resembled the vermiform type of larva general in Diptera 
and occurring in other groups’. There was n'ason to think tliat amongst insects 
the segments preceded the appendages in appearance, whicli was the rever.se of 
what was the case in Crustacea, although this stage of d('vel(^])meiit might have 
eluded observation from its trausitoriu(*ss. Fritz Muller and others eonsidi red the 
vermiform type of larva more recent than the hexapod. Coiisideriiig, liow(‘\er, 
that the vermiform typo was allogetlier lower in org.ini/alion an<l h'.^s ditlerentiatecl 
than the Campodui (hexapod) form, lie considered that the latter was derived from 
vermiform nnct*stors: and Nicola.s Wagner had .''llo^^n, in the case of a small gnat 
allied to CWidomi/ia, that tlu'se ^ ermiform larva? .still, in some eases, retain reproduc- 
tive powers. Such a lar?a very clostdy resembled .'ioim' of the Botatoria, such as 
Lindia^ in which both cilia and legs wore altogether absent, lie ag^reed with 
Herbert Spencer in ivguirding thi.s \ ermiform typi^ as tlie result of a modified 
segmentation. For the next ch*.'icending stage we mu.st look amongst tlie Infu.soria. 
Other forms of Botatoria, .such as the Aery remarkable Pcdidion diseovored last 
year by Mr. Hudson, seemed to lead to Cru.stai*ea througli the Xaitplhis form. 
(Tlio true worms appeared to constitute a separate branch of tin? animal kingdom.) 

Probably, again, ill soiut* such forms as Iiackd’.s Ma(josph(em and Profat) iccba, 
the primitive ancestors of even such lowly organized types as Macrohiotm and 
Lmdia must bo looked for. And if it were said to bo incredibh' that even the 
lapse of geological time should have been sufilcient to bridge over the immense 
interval between such creatures as the.so and Campodra, or even the Tardigrades, 
we might consider what happein d undm* our eyes in the development of each one 
of these creatures in the proverbially sliort space of an insect’s individual life. Tho 
development of the egg of a Tardigrade went through the same course as the 
Magosphevra) and from tlie cidls whicli were the result of tlie process of yolk- 
segiiientation, tlie body of the Tardigrade was built up. Similar proct'sses occurred 
in the dovelopnn'iit of many other specie.s belonging to most distinct groups. 
Yolk-segmentation occurred in lintozoa, in Botifera, Ecliinodermata, Mollusca,and 
Vertebrata, as was illustrated by the diagrams which were shown. It was true 
that yolk-segmentation was not universal in the animal ; kingdom hut its absence 
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schools. IIo hoped that this provision would be fairly carried out, and thaj; a due 
proportion of time, of the scholarships, and of the exhibitions would be devoted to 
natural science. It was only fair to say, with regard to private schools, that they 
had little choice of action until the universities and great schools led the way. A 
deputation of the Council had waited on Mr. Forster, to urge the importance of 
the introduction of natural science into the elementary schools also of the country. 
The Government had distinctly abandoned the principle that primary education 
should be contined to reading, writing, and arithmetic ; but little had been eliected 
as yet for the practical introduction of scientilic instruction. The experience of 
Dean Dawes and Prof. Henslow had conclusively shown the aptitude of the 
children for such instruction; and he rejoiced to see that the School Boards of 
London and Liverpool had determined on the introduction of elementary science 
into all schools under their control. If it was objected that this could only 
amount to a smattering, it might well be asked, who has more ? Those who are 
most advanced in knowledge know best how slight this knowledge is. Indeed 
every fresh observation opens up new lines of inquiry. Kvery biologist would 
admit the impulse to research wliich had been given by the publication of Mr. 
Darwin’s ^ Origin of Species.’ Yet it was surprising liow much fundamental mis- 
apprehension still surrounds ]Mr. Darwin’s views. TJuis Browning, in one of his 
most recent poems, said : — • 

Tliat mass man sprung from was a jelly lump 
Once on a time; he kept an after course 
Through fish and insect, reptile, bird, or beast, 

Till he attained to be an ape at last, 

Or last but one. 

It was hardly necessary to point out that Mr. Darwin would be the first to repu- 
diate such a theorv. These types of structure might be derived from one origin ; 
they were certainly not links in one sequence. It Avas one thing to recognize in 
natural selection a vera caum ; it Avas another to assume that all animals Avero 
descended from oue primordial source. As to tlie first alternative, he could not 
himself feel any doubt ; and Avhatever conclusion might be come to as to the 
latter, the publication of the ^ Origin of Species ’ would not the less ha\o consti- 
tuted an epoch in biology. How far the present comlition of li\ ing beings Avas duo 
to natural selection, — how far, on the other hand, the action of natural selection 
has been moditied or checked by other natural laws, by the luialterability of types, 
by atavism, &c., — how many types originally came into being, Avhether they had 
arisen simultaneously or successively, — these and many other similar questions 
remained to be solved, even if avc admitti'd tin; theory of natural selection. All 
this, indeed, had been clearly pointed out by Mr. DarAvin himself, and would not 
have needed repetition but for the careless criticism by Avhich, in too many cases, 
the true question had been obscured. AVithoiit, hoAvever, discussing the argument 
for and against Mr, Darwin’s conclusion, we so often meet Avitli travesties of it like 
that which he had quoted, that it might he Avorth Avhile to consider the stages 
through Avhich some one group (say that of insects) had come to be what they 
were, assuming them to haA^e developed from simpler organisms under the inlluonce 
of natural laAvs. The question was one of great diliiculty. It avivs hardly neces- 
sary to saj' that they cannot have passed through all the forms of animal life, and 
the true line of deA elopment would not be agreed upon by all naturalists. Almost 
every one would, however, admit that (unbryology and development Avere our 
best guides. The various groups of (Crustacea, for instance, however ditferent 
the mature conditions, Avere for the most part very similar Avlieii they quitted 
the egg. 

So, again, in the case of insects; the dilFerences betAVeen the dilferont groups of 
insects were indeed great. The stag-beetle, tlie dragonlly, the moth, the bee, the 
ant, the gnat, the gi’asslioppcr ; these, and other less familiar types, seemed at first 
to have little indeed in common. They di tiered in size, in form, in colour, in 
habits, and modes of life ; yet, following {he clue of the illustrious Savigny, it had 
been shown, not only that they Avere constructed on one common plan, but that 
other groups, such as Crustacea and Arachnida, could be shown to be fundamentally 
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siuiilAr,^ If we compared the larvfc, this l\ict became much more ideul. It. had 
been pointed out by Brauer and aho by himself that the two types of lame which 
Packard had proposed to call the eruciform and leptiform ran throujrli the principal 
groups ofinsects. This was obviously a tact of great importance. If individual beetles 
were derived from a form very siiuilar to that of the existing genus Campodeay it 
was surely no rash hypothesis to suggest that the Coleoptera as a group might bo 
so. If he were asked to describe the insect typo, he would say it was an animal 
composed of head with mouth-parts, eyes, and antonnfo, a tliorax made up of three 
segments, each Avith a pair ot legs, and a inany-fogiiiented abdomen with anal 
appendages. This, for in'^tanco, Avoidd describe the hir\a of a small beetle named 
Allans', and, speaking generall}', it might be said that (excepting the AveeA’ils) 
Coleoptera geneiMlly Avere derived fromlar\ieof this t\pt\ The same was also 
true of Neuroptera, brthoptera, and Trichoptora. The larvie of Tiepidoptera, from 
the large si/.e of tlH'^abdomeii, liad been generally, and, as he thought, wrongly, 
classt'd Avith the maggots of ilies, bees, kc. The tlirt^e thoracic segments Avere, 
on the contrary, marked ])y h‘gs, and, excepting gi’eater clumsiness in general 
appearance, they essentially agrer'd AA'ilh the typo already described. No Dipterous 
larvm belonged, Iioaa'Ca cr, to this type. Insects, then| widely ditVerent in their 
mature slate closely agreed in their larval state s. Was there any matuie form 
Avhich also corro.sponded to the hexapod Lirvm of insecis? We need not ha\'o 
heen surprised if this type, through Avhich it Avould appt^ar that insects nuHl Inu^e 
passed so many ages since (for Avinged Neiiroptcra have bt*en found in carboniferous 
strata), had long ago become extinct. But the genus (\nnpoflea still represented 
it. It seemed to him also higlily significant that its moutli-ijart.s were inteniiediato 
betAA'eeu the liaustellate and mandibulatc types. There avciv good grounds, there- 
fore, for considering the various types of insects to h.ne de>ceiided from ancestors 
mor»,* or less resembling the genus Campodra. 

This ancient typo may have b(M*n por'siblv derived from oin^ loss highly developed, 
resembling the modern Turdigrades, such as M<(viohiotus, I'urther still, such 
genera ns Lindia closely resembled the v'U*iiiih>rm type of larva gtmeral in Diptm’a 
and occurring in other groups. There Avas reason to tliink that amongst insects 
the segments procedf'd the aj)pen(lagos in appearaiuv, Avhicdi AA'as the ri*verse of 
AA'liat AA’as the case in Crustacea, although this stage of d(‘\’elo])ni(‘nt might have 
eluded obaevvalion from its transitoriness. Frit/ idler and others considtnd the 
vermiform type of larva mori' recent than the hexapod. (\)nsidering, lioAvever, 
that the vermiform type AA’as altogetlierloAA’or in org.ini/ation and less difiereutiated 
than the Canquuh a (hexapod) form, he eonsidenvd that the latter Avas derived from 
vermiform ancestors; and Nicolas WapiuT had sIioami. in the case of a small gnat 
allied to Cccidomijiny that those vermiform larvje still, in some cases, ndain reproduc- 
tiA’G poAVtU’s. .Such a lar\a A ery closely re.sembled some of the Ibitatoria, such as 
Lindia y in Avhich both cilia and leg.s AA’cre altogether absent, lie agreed with 
Herbert Spencer in regarding Ibis Aermiform typi* as the result of a modified 
segmentation. For the next descendingstageAAC must, look amongst the Infusoria. 
Other forms of Kotatoria, such as the Aery remarkable Pcdalion discovered last 
year liy ^Ir. Hudson, seemed to lead to Cru.slaci'a through the Xauphus form. 
(The true AA^ornis appeannl to constitute a separate branch of the animal kingdom.) 

Probably, again, in some sucli forms as Hackers Ma(jo!ipha ra and Protamcobay 
the primitive ancestors of even such loAvly organized types as Macrohiotus and 
Limlia must be looked for. And if it Avero said to lie incredible tliat even the 
lapse of geological time should liaAo been sufiicieut to bridge over the iinmenso 
interval between such creatures as these and Campodvdy or even the Tardigrades, 
we might consider Avhat happened under our eyes in the development of each one 
of these creatures in the proA’eibially short space of an insect's individual life. The 
development of the egg of a I'ardigrade AA’ent tlivough the same course as the 
Mar/osphen-a ; and from the colls Avhicli AA'cre the result of the process of yolk- 
segincntation, the body of the Tardigrade AA as built up. Similar processes occurred 
ill the developimuit of many other specio.s bedonging to most distinct groups. 
Yolk-segmentation occurred in JCutozoa, in Kotifera, Fchinodermatn, IMollusca, and 
Vertebrata, os Avas illustrated by the diagrams AA’bicb aatvo sbowii. It was true 
that yolk-segmentation was not universal in the animal ; kingdom but its absence 
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be attributed to that suppression of stages of embryological development 
•wmcli might be illustrated from many cases both in zoology and in botany. 

Of course it might be argued that these facts have not really the significance 
•which to him they seemed to possess. It might be said that when the Divine 
power created insects they were created with these remarkable developmental 
processes. So it had been said that when God created the rocks he created the 
fossils in them. Probably no one would now maintain such a theory ; and he 
believed the time would come when the contents of the egg and its developmental 
changes would be held to teach as truly the course of organic development in 
ancient times as the contents of the rocks told us the past history of the earth 
itself. 

In conclusion, there was one matter which he could not but touch upon, but 
which he yet could not properly treat at length. Great anxiety had been felt 
during the last few months lest changes should be made at Kow which would 
prove prejudicial to its scientific work, and lead to the retirement of Dr. Hooker, 
lie felt sure that he only expressed the fe(*ling of the scientific world when he 
said that such an event would be a misfortune to science, and wlion he stated bis 
hope that the Government would do nothing to retard or impede the valuable 
scientific work now going on at Kew. 


lioTAXT. 

On Traqiiairia, a Hadiolarian lllihopod f rom the Coal-measum, 

Bij W. Cauhutiieks, 

In the investigation of a large series of sections of fossil plants, prepared by !^^r. 
Norman, Mr. Carruthers bad detected several spherical spiniferoiis bodies not 
unlike Xantlddia^ but having a very different structure and a mucli greater size. 
The hollow globular cavity is included in a ch'arly defined structure, wliicb Mr, 
Carruthers thinks is a fenestrated sludl ; but he had not been able to secure sections 
which completely established this point. Devoiid this there is a considerable 
thickness of a spongy substance which rises externally into numerous cones, the 
bases of which are in close proximity. From the apex of each cone there proceeds 
a hollow echinate spine. The echiiiations are also hollow; and at the apparent 
base of the spine these echinations are produced into hollow tubes, which, repeatedly 
branching and anastomosing and increasing in number downwards, enclose the 
radial hollow spine in the ma«s. The whole arrangement of the parts agreed 
with what is found in some existing forms of Dadiolaidans, ospccinliy in some with 
solid spines ; but the hollow structure of these organs in tlie fossil indicated rela- 
tions with a small section of the recent group. No certain indication had yet been 
detected of the central capsule ; but Mr. Can-uthers having found starch and other 
readily perishable substances perfectly proM'rvcd in some fossils, had hopes that the 
central capsule niav have left traces behind in some specimens, lihizopods of the 
Badiolarian type, Imt without the cciUral capsule, had been described by Cien- 
kowski, and especially by Archer. Perhaps amongst them this palaeozoic form 
may at last bo placed. ()ne would expect it to bo a freshwatcu’ organism ; yet it 
mi^ht, as a marine animal, indicate the fii'st trace of one of the changes of level 
winch wore not unfreqiu ut in the Carboniferous period. Mr. Carruthers had asso- 
ciated with this interesting animal the name of his friend Prof. Traquair, of 
Dublin, to whom he was indebted for a^tsislance in working out its structure. He 
proposed to name it Traquairia. 

Ramu^ a new Textile Plant ; with Description of its Uses, Mode of Proj)a- 
gation, Cultivation, as practised in the Southern United States of America, 
By C. F. Dennet. 

This new textile, lately introduced to agriculturists of the Routliern States of 
America, is a native of the island of Java, and was first brouglit to Europe for 
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investigation in 1844, when it received the hotanical name of JioeJtmcria teiia* 
cissima, and, from the beauty and strength of its fibre, obtained much attention in 
manufacturing circles. Since tliat time every encouragement has been given to 
producers in the Kast Indies to induce them to cultivate it in sufficient quantity 
to siinply the demand ; the result is that a considerable quantity is annually re- 
ceived in Europe and manufactured into fiibiics of the finest quality, excelling 
linen of the tiuest texture in strength, beauty, and linisb, and rivallirg even silk 
in lustre. 

The author then described the advantages of Eamie over cotton and othef 
staples now ciilli\ated in the Southern Tnited States. lie slated that the fibre, 
when prepared for the spinner, is beautifully while, soft, and glossy, closely resem- 
bling floss silk in appearance — tliat it is stronger than the Ix'st llax, niid readily 
receives the most difficult dyes witliout injury to its strength or lustre. 

A detailed account was nho given of the mode of propagating and liarvesting 
the plant. 


0,1 the Cows of Piniis pinaster. 7>// Prof. Dickson. 

The author called attention to a seri«‘.s of cones of Pi}ius pma.^fcr^ exhibiting 
transitions from one spiral system to anotluT hy wliat Jia^ been called (‘on- 
verg(‘nc(‘ of secondary spirals." 8ueli transitions, ho ptnnted out, wer(‘ due to the 
fusion of two consoeuti\e scales in some one of the secondary spirals. This fusion 
of two scales duos not produce any di>turbance in the set df secondary spirals in 
which it occurs, l)iit cause.s a detinite diiniiiution in llie number of all the other 
sets of secondary spirals. The nndislurlx'd s(‘l of secondary spirals, as running 
eontimioiisly through the two si sterns, Prof. Diclv^^on terms ^‘constants.*’ That 
tlie above explanation of the phoiumioiion of convergenec* is really correct ho bolds 
to be virtually proved : — 1st, by the fact that iu a good muny ca'-'es a distinctly 
double scab', formed by coalescence of the two, aclually oectirs at the point of con- 
i org(mc(' ; Lhid, that all gradations of fusion from a di^liiietly double to apparently 
single scale occur; and, .'Jrd, that in a/I (‘u.m's of irniiMtion by eoinergenco, whetluT 
with or without a distinctly double scale, the ir-ulting .‘spiral is invariably iden- 
tical witli that which, if the si stem of the lower spiral and the ntiinber* of the 
oon.stants ])e giien, would tlieoretically result from fusion of the con.?ccutive 
Seales in one of the constnnt.s. 


Gn Stigmanic//’om fhe Fo.^sfllfiroiis Ftva/a at Anvheniovlxe, 

Jhj Prof. DrcKsox. 

riio author exhibited a number of large S'ipman'rp obtained by him from the 
fossiliferous strata iuterealntod between bods of varums traps (Porphyrilo, Cireen- 
stoiie, &c.) at Aucheiitorlie, near Bowling, on the viier Clide. These appeared 
for the most part to occur in mudstone, which doubtless represonl.s the soil in 
whicli those rhizomes ivcn» imbedded. The fossils in question hud their .structure 
beautifully proscrit'd by iniiltiation with calcium carbonate. Besides plant- 
remains in the niiKlstones, sliales, and impure coni of this locality, there occur in the 
shales (as has been pointed out hy Mr. John Yemug of (Basgow) the teeth and scales 
of Lower-Carhoniferous fishes referable to the genera iVf.Vfe7nVcn.^ and Amhlypiaas. 


Cn Phylloxera vastatiix. Jiff Prof. TinsuTox-Dvru, B.Sc, 

The author gave a brief acrnimt of the rnvagr.'! which this insect is producing 
in the vineyards of Europe, entailing, in many cases, their complete dostrncticn. 
From a recent dispatch to the Foreign Office it appeared that the PhyUoxtra had 
now reached Portugal — one vineyard producing an average quantity of CO pipes 
produced only two, owing to its eflects. It wn.s not too much to say that one of 
the mn.st important culture.s in Europe was seriously menaced. The Phylloxera 
wa.s of North-American origin. It was a conspicuous instance of the well-known 
fact that organisms which in their native homos ivero kept in check hy the 
stress of competition, increased in an altogether disproportionate rate when trails- 
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ported to new Rituations where the striigg;lo was absent. The Ilev. M. J. Berkeley 
believed that he had lately ascertained the connexion of a hitherto mysterious 
disease of the roots of peach-trees with an insect very sinidar to the Phijlloxcm. 


On the Flora of Moa\ A. Hayxe, M,A. 

The 2')0 plants found in iNFoah from the beginning of February to the middle of 
March belong to 58 natural orders, of Avhich by far the best represented are : — Legu- 
minosse with 35 species, Composita^. and (h-ucifera? each with 20, and Graminacete 
23. The remainder belonged to Liliacefo, Scrophulariacca', Labiata?, Boraginaccjo, 
Umbelliferne, &c. From the groat abundance of springs, the eastern shore of the 
Dead Sea is comparatively fertile. The most conspicuous difference which results 
is the abundance of the date-palm, of wliich, on the west, only a single clump sur- 
vives near Jericho. 


Summar)/ Anah/sis of the Flora of Snsse.r (Phienouams and Ferns). 

By W. B. IIemslf.y. 

The total number of indigenous species (after Babingtoii’s Ofanual ’) is about 
1000. This number would be reduced by about 100 if we take Hooker’s ‘8tiidcnt’s 
Flora * for our authority on specie's. 

To the above number we may add 50 fully establislu'd introduced species, 
bringing tlio total up to 1050. 

Separating this number into the three primary divisions, we have: — 


Dicotyledons 

77f> 

species, 

or 7-:i-2x 

per cent. 

Monocotyledons 

250 

j, 


Acotyledons 

33 

jy 

all 

yy 


1050 


l(X)-00 


ITerbaceous species 

. . 03,7 

t, 

^^^^47 

per cent. 

Woody .species 

122 


11*53 

,1 


1050 


10000 


Perennial species 

7(^7 

yy 

72A2 

per cent. 

Annual or biennial speci('s . . . . 

i02 

yy 

27 ;aW 

yy 


1050 


10000 



A few of the more interesting features of the Flora are number of species to 
area (1401 square miles), species peculiar to cerlain formations, maritime spfTieoJ, 
and rare species, especially those of the Atlantic ’’ and ‘‘Scottish” types. 

Maritime and salt-marsh specie.s 70 

Peculiar to the chalk 50 

Essentially bog- plants 30 

Aquatic and marsh -plants 213 

Amongst rare water- and mnrsh-phuits may be mentioned pahtstris^ 

Limnanthemum nympheeoidesj Seirpiis carinatasy aV. triquetcTj and Potamoijefon 
acutifolius. 

■ Belonging to tlio “ Scottisli ” type of Watson : — ^Pyrola media, ^^Ilahenarta 
alhida, and ^Festuca sylvafira, with several other.s, all very rare and local. 

Cicendia filiformis, ^Sihthorpia europeva, *Ftcia liitea, Bartsia vkcosa, ‘^Genista 
pilosa, and Melittk Mdis^ophyllum may be noted as south-western type.s extending 
to Sussex, 

Alchemilla vulgaris and Carex mo?itana are interesting on account of their distri- 
bution. 

A prominent feature of the Wealdeii flora is the extent of lieath land and the 
great size the heath attains. 



TRANSACTIONS OP THE SECTIONS. 


129 


The apparent absence of Ilypencum montanum^ t^axi fraga granulnta^ Chrysoaph’^ 
nium allcnufoUinUj Pyroln minor, Pinynicula vulgaris, and about oO other species 
found ill adjoining counties is noteworthy. 

The species p(;culiar to the county are Phytnnna spicatmn, Lonicera xylosteum, 
and Tri/olium stellatum, neither of which, however, is admitted, without question, 
as being indigenous, though there can b(i little doubt of tlie first. The second, 
Babington says, is indigenous, and the hist is generally considered a ballast in- 
troduction, but it has held its ground for upwaids of half a century. 

[Species preceded by an asterisk are not found in the adjoining counties.] 


On soine Spcciiticns o/’ Tortilla ineliiiata. By Prof. Lawson, 

The autlior said tliat Prof. Lindberg-, wliile staying at Oxford, was good enough 
to go throughhis collections of ^fosses and correct alltliose that wore wrongly named. 
Amongst other mistakes, Prof. LindbcTg detect<'d this specie^, which was new to the 
British Isles, mixed np with spc'cimens of Torfula fortaoxu. This specimen, Prof. 
Lawson explained, ha<l been gathered by himself two y(‘ars ago, growing on the 
sides of the rocks in tlie old stone-pits at llolton, about four miles from Oxford, 
and had been confounded by him with 2 \ torti(o^<t. ]h‘ brietiy dt^'^eribed the points 
in which the.se two very closely allicMl spia-ii'^^ ditforiHl, and expressed an opinion, 
founded upon its geographical distribution, tliat now the attention of bryologista 
was called especially to it, it would he found elsewhere in Britain. 


On a curions Elm, By !M. ^[m.GKTlxiE. 

This was an elm growing in Ken.^'ington (hu’den<, nt\ar the Ihigine irouso at the 
head of the iSerpontine. Its height as od feet and circumfereiiee 7 indies. At the 
height of about feet from the ground, above a decayed portion of the trunk, a 
mass of aerial roots df‘soended to the ground without further contact with the trunk. 


ZuOLouy. 

On tin- Bfrncinrt and Dtiihtpmcnt o/Mitraria. Jhj Prof. Allman, 

.Several specimens of the remarkable laiual form, to Avhidi Johann Muller gave 
the name oi Miiraria, were obtained by Prof. Allman in the (lulf of Spezzia, and 
were made the suhj(*ct of careful study of striu ture and development. Meeznikoff 
had recently examined another .‘species of the same h rm ; and tlie author was 
enabled to confirm the main ro.sult arrived at by him, that Mifraria was the larval 
form of an annelid. In .^01110 fundamental points, however, regarding the pro- 
ce.ss of de^elopment, his oh.‘^evvat ions did not agneAvith iho.'^e of the Biissian 
zoologist; Avhilo in .structure there are some important features Avliich have not 
been described by either 3 Iuller or ^lecznikolf— dillcrences whicli may, in some 
cases at least, depend on actual diilerences between the species examined. 

The nervous sy.stem is well developed, and C(uisists in the principal central por- 
tion of a large quadrilateral ganglion, formed by the union of two lateral ones, and 
situated on tho summit of the Irausparent dome-like body of which the larva 
mainly consists. From this two very di.stinct chords are emit doAAUiwards, so as to 
form "a pair of commissures with two .small ganglia Avhich are situated at tho 
opposite side of the alimentary canal. Besides these, two other small ganglia 
exist in the Avails of the dome at the oral side of the groat apical ganglion, and 
two similar ones at the aboral side ; these send oil' numerous tilaments, which 
dive at once into the Avails of the dome, Avhilc each sends ofi‘ a long filament to the 
region where the alimentary canal begins to Lend dowinvards toAvards its aborel 
termination. The great apical ganglion supports tAvo sessile ocelli, Avith pigment 
and lens, and two small spherical vesicles, each containing a clear spherical cor- 
puscle, These last the author regards as auditory capsules. 
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A system of vessels (probably water-vasculaf) was also described. This con- 
sists mainly of a sinus wnich surrounds tlie ^reat apical ganglion, and sends olF 
throe branches, which run in a radial direction in the walls of the dome, two 
lateral and one aboral, and appear to open into a sinus which surrounds its base. 

In the progress of development the aboral end of the alimentary canal becomes 
elongated in the direction of the axis of the dome, carr3dng with it the walls of 
the base of the dome, which are to form the proper body-walls of the future worm ; 
and in this way a long cylindrical appendage becomes developed, and hangs from 
the central point of the base. At lirst there is no trace of segmentation ; and this 
is subseq^uently induced on the c^diiidrical body of the worm by the formation of 
consecutive annular constructions. 

The process of development, as observed by the author in the species of Ilitraria 
examined by him, thus differs in several points from that observed by Mecznikolf. 
Among these the most important is tliat the ventral side of tlio worm is formed 
simultaneously with the dorsal instead of subsequently to it and independently of 
it, as in the case described by Mecznikoff* The development of the worm was not 
traced to the ultimate disappearance of the dome-liko bod^^ of the larva. 


On some 'points in the Development of Yorticcllidm. Ihj Prof. Allman, F.E.S. 
The author described, in a beautiful branched and clustered Vorticellidan, a 

S rocess different from any wliieli bad been recordt'd b}' those observers who had 
escribed the so-called eiicyvsting process and the bi‘liaviour of the ‘^nucleus” in 
the Vorlicellidm. 

In almost evi ry cluster some of the zooids composing it had become greatly altered 
in form ; they had increased in size, and instead of the bell-shaped form of the 
others, had assumed a globular shape, and had lost both oral orifice and ciliary 
apparatus, while their supporting peduncle had ceased to be contractile. In the 
younger ones the contractiio space of the unchangtal zooid was still very evidtmt, 
but was fixed, showing no tendency to alteration of size, and tin' so-called nucleus 
was very distinct and larger tlian in the ordinarv ziunds. The hole had become 
enveloped in a transparent gelatinous-looking iinestmeut. 

In a slightly more advanced stage another envelope, in the form of a brown 
horny capsule, begins to la* secreted between the proper wall of the zooid and the 
external gelatinous invest numt. It is at first tliiii and smooth, but it gradually 
acquires considerable thickness, and becomes raised on its outer surface into ii<lg<'s 
enclosing hexagonal spaces. 

In this stage tlie capsule lias become too opaque to admit of a satisfactory view 
into its interior ; but if the capsule be carefully opened, its contents nui}' be libe- 
rated so as to render apparent their real nature. It will be Iben set'll that tlieso 
consist of a minutely granular semifluid plasma surrounding the niudeus,” which 
has much increased in size and occupies a large portion of the cavity of the cap- 
sule. The conditlomof the contiaetilo space could not bo determineil j it lias pro- 
bably altogether disappeared. 

In a further stage the ‘‘ nucleus^' has undergone an important change ; for in- 
stead of tlitj long cylindneal form it had hitherto presented, it has become irregu- 
larly branched, has acquired a softer consistence, and has, moreover, broken itself 
up into two or more pieces. This change in the niiolcus ’* is invariably accom- 
panied by the appearance of nucleated cell-like bodies, which are scattered through 
the corpuscular phv-^ma which had filled the rest of the capsule ; they are of con- 
siderable size, of a ftpheiical form, and with their nucleus occupying the greater 
part of their cavity, and having its nucleolus represented by a cluster of granules. 

In obher capnilos, apparently the more advanced, no trace of the so-called nu- 
cleus of the yorticella-body could be detected ; and it seems to be entirely replaced 
by the spherical nucleated cells, which had now still further increased in number. 
It is impossible not to regard tliese cells as the result of the disintegration of the 
‘^nucleus and the conclusion is a legitimate one that they are finally liberated by the 
natural dehiscence ol the capsule, and become developed into new Vorticellidans, 
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On the Structure of Noctiluca. Bj/ Prof. Allman, FJl.S, 

The author gave an account of some researches he had made on Noctiluca 
aris. They were mostly confirmatory of the results anived at by other observers, 
more especially by Kjohn, Quatrefages, Busch, Huxley, and Webb, while they 
further served to supplement the observations of these zoologists. 

At one end of tne meridional depression is the vibratile flagellum with the 
month at its base ; and here the depression becomes quite superficial, while the 
opposite end is much deeper, nnd is here abruptly terminated by a vertical wall. 
Just outside of this deep end of the depression there commences, by a funnel- 
shaped enlargement, a very slightly elevated ridge of a firmer consistence than the 
rest of the body ; it terminates abruptly after running down, in a meridional direc- 
tion, over about one third of the circuniferenco of tlio body. The author had 
reason to believe that this ridge is tra^ersed in its length by a canal which opens 
close to th(^ aboral extremity of the meridional depression by a funuel-sbaped 
orifice. The mouth leads into a short cylindrical gulle t ; and theautlior confirmed 
the existence of the vibratile oiliimi contained within the gullet, as originally de- 
scribed by Krohn, and of the ridge, with its pr('jecting tooth, described by Huxley 
as existing in tlie gullet-Avnlls. The floor of the gullet is Ibnned by the central 
mass of protoplasm, here naked and in direct contact with the surrounding medium. 
The vibratile eiliuni sju’ings from this floor ; and near the root of the ciliiim is a 
depression in the floor, which can be followed for a little distance into the pro- 
toplasm. 

Besides the well-known branching processes which radiate from the central mass 
of protoplasm to the walls of the body, tlu’re is also sent off from the central mass 
abroad, irregularly quadrangular process, which extends tot lie outer walls, where 
it becomes attached along tlie line of the superficial meridional ridge. The lower 
free edge of this broad process lias the form of a thickened border, and at its upper 
edge it becomes continuous with n plate-like striated structure, which the author 
regarded as representing a duplicature of the body-walls. 

In contact witli the central protophism is the nucleus, a clear spherical body 
about of an iiicli in (liaim-tcr. 

The'lK)(ly-walls are composed two layers— an external thin, traiuqmrent, and 
structureless membrane, and an intiTnal thin granular layer c»f protoplasm, which 
linos the striictundoss membrane throughout its whole extent, and^Avliicli receives 
the extremities of the radiating processes from the central ma<s. Under the action 
ofio(liii(‘ solution and other reagtuits, the protoplasmic layer may be seen to detach 
itself from the outer struct iireless membrane, and, along with tlie radiating bands, 
contract towards the ceiitrt'. It admits ot an obvious comparison with the pri^ 
mordial utricle of the vegetable cell. , . .. 

The flagellum, which is given off close to the margin of the nioutli, is a flattened 
band-like'^organ, gradually narrowing towards its free extremity, and with its axis 
transversely striat»‘d like a voluntary muscular fibre tliroiighout its whole length. 
It seems to have the power of elevating its edges, so ns to render one of its surfaces 
concave, and thus becomes converted into a scniitube, which may assist in the 
conveyance of nutriment towards the mouth. . 

The nucleus is a spherical vesicle, with clear colourless contents, among which 
iiiiniito transparent oval corpuscles may usually be detected, W hen acted on 
by acetic acid, the diilerencai between the contenta of the vesicle and its wall be- 
comes very apparent; and the contents may now be seen accumulated towards the 
centre as a minutely granular mass, with ‘some of the oval corpuscles entangled 


The radiating offsets, which extend from tlie central protoplasm to the peri- 
pheral layer, ccnitain well-defined clear corpuscles, wliicli ^lowlv change their rela- 
tive places, as if imdor the influence of very feeble currents. 1 hese ofisets, indeed, 
closely resemble the radiating protoplasm-filaments which extend from tlio proto- 
plasm surrounding the nucleus to the walls of the primordial utricle in the vege- 
table cell. The peripheral layer contains, scattered through it, numeroua minute 
cell-like bodies; these are spherical and of various sizes; in tho larger ones a 
distinct central aiicleiLS may be detected. 
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It is scarcely correct to regard the central mass of protoplasm as a true stomach. 
The author had failed to find any evidence of a permanent gastric or somatic cavity ; 
Tind he regarded the protoplasm mass to which the gullet leads as re presenting tlie 
parencliyma ” of the Infusoria, and, like this, allowing of the solid food being 
forced down into it from the gullet and there encysted in extemporaneously formed 
va(!Uohc. The food also frequently forces its way from the central mass into the 
radiating processc^s ; and diatoms and other microscopic organisms may he seen in 
these processes enclosed in cyst-like dilatations of them, extemporaneously formed 
for their reception at various distances from the central protoplasm. 

It was considered probable that the caTial which seems to exist in the superficial 
ridge alforda exit for certain eftete matt(‘rs, which may ho convoyed to it through 
the process by which it is kept in connexion with the ctuitral protoplasm. 

Our knowledge of the phenomena of reproduction and development in Koctiinca 
is still very imperfect, and the author saw litth^ which seemed capable of throwing 
additionariight on this subject. lie regarded it, however, ns probable that the 
nucleated cell-likc bodies which are pr(‘sent in the peripheral layer of protoplasm 
have a reprodiielive function, and are destined after liberation to become developed 
into new individuals. 

From the account now given it will be apparent that Xoctiluca coii'jists essen- 
tially of an enormously vacuolat(>d protoplasm, involving a nucleus and enclosed 
in a stvuctnn'less sac, the vaciiolation taking place to such an extent as to separate 
the contents into a peripheral layer of protoplasm which remains adherent to the 
outer sac, and into a central mass which is kept in communication with the peri- 
pheral layer by processes of protoplasm which pass from one to the other. The 
author belie\ed that the nucleus of Kodiluca had a significance difierent from that 
of the so-called nucleus of the ordinary Infusoria, and that it admitted of a closer 
comparison with the true cell-nucleus, lie was of opinion tliat the nearest ally of 
Noctihica would be found in the somewhat anomalous infusorial genus Peridinut. 

In conclusion the author clctaih*d some observations ho had made on tlie lumi- 
nosity of Noctiluca ; and he gave reasons for maintaining that the seat of the phos- 
phorescence is entirely confined to tlie peripheral layer of protoplasm which lines 
the external striicturoloss membrane. 


On iJic Stmeture of Edwardsia. Ihj Prof. Ali.m 

The structure of this beautiful little Actinozooiulifiors in many iniportant points 
from that of both the Zoantharian and Aleyonarian polypes. It was shown that 
just within the month th(‘ walls of the stomach-sac project into the cavity of the 
sac in such a way as to form eight complicated frill-liko lobes— that the eio-ht 
vertical radiating lamelhe which project into the body-cavity from the outer walls 
and are composed of parallel longitudinal fibres endorsed betWeen two mombranous 
layers, do not reach the stomach-sac in any part of their course— and that eight 
strqngmuscular bundles pass symmelrically through the whole length of the bodv- 
cavity, being attached at one end to tlie disk which carri(‘s the tentacles, and at 
the other to the floor of the body-cavity, wliile tliey are free in their intervening 
course. 

Attached along the length of about tlie posterior half of each muscular bundle is 
the long sinuous generative band, with its chord-like craspediim loaded Avith thread- 
cells. Just before terminating at the lower opening of the stomncli-sac eacli of tlie 
eight generative bands enters a most remarkable pectinated organ, which appears to 
be quite unrepresented in any other group of the Cadenterata. It was diflicnlt to 
suggest the true significance of these organs ; their relation to the generative bands 
might lead to the belief that they are testes, or they maybe analogous to the so-called 
cenient-glands which exist near the outlet of the oviducts in some of the lower 
animals. In this case they might supply some additional investment to the ova 
at the time of extrusion. 

The author regarded Edivavdsici as presenting a very distinct t}pe of actinozoal 
structure, Avhich occupies an intermediate position between that of the zoantharian 
and that of the aleyonarian polypes. He also compared it with the extinct rugose 
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corals of the palaeozoic rochs, to which it coiTCsponds in the numerical law of its 
body-segments/and of which it might, in some respects, be regarded os a living non- 
coraligenous representative. 

On the Structure of Cyphonautos. By Trof. Allman, F.ll.S. 

This remarkable little organism, vchose structure and ultimate destination have 
been variously described by dilh rent observ(*rs, was obtained by the author in 
considerable abundance in Moray Firth. The animal is enveloped in a mantle, 
and the whole enclosed in a delicat(‘, transparent, structureless test formed by two 
valve-like triangular plates, wliich are in contact along two edges, and septirated 
from one another by a narrow inttuAal along the third. Its form is thus that of a 
very much compressed pyramid. The aiitlior distinguishes by the term base the 
broader edg(i wlnu’e the two plate.s of the test are separati'd from one another, 
while the other two tnlgos are distingui.shed as the anal and nbanal edges. The 
apex is the angle oppo.sit(^ to tlie bn^^e ; and ln.*re a narrow passage exists, through 
which the Heshy walls of the mantle are brought into immediate contact with the 
surrounding water. 

Til the base are two large o\al openings, one (the larger) situated towards the 
anal edge, and the other towards the abanal. The fornn'i* leads directly into tlie 
cavity of the maiith' ; its edges are prolong'ed by a hollow membranous lobe, 
ciliated on its margin, and nninterruptedly continiu'd round the anal side of the 
opening, but defieieuit on the opposite side. 

A largo part of the mantle-canity is occupied by Ihe pharynx, a spacious thin- 
wallod sac, which opens into the mantle-cavity by a long curved somewhat 
S-shaped slit with thi<*kened and ciliated margins, which at one side are continued j 
in the form of two short ciliated tentacles, lieyond tlie large opening situated near 
the anal side of the bas(\ Towards the apex the phar\ nx becomes siiddeuly narroW| 
and is here lined by vibratile cilia, and marked by circular strite which possibly 
indicate the presence of sphincter fibres. It now turns towards the anal side, and 
then bends downwards towauls the base and enters a thick-walled subcylindrical 
stomach. This runs towards tlie base parallel to and a little within the anal edge 
of the test, and is ultimutely continued into a short straight intestine, which ter^ 
niiiiates by an anal orilice in the mantle-cavity near the outer opening of the latter. 
J^>om the upper part of the walls of tlio pliarynx a narrow bundle of iibres passes 
to the apex of the mantle-cavity. 

Upon each side of the pharynx, and hing against the stomach and intestine, is a 
large oval mass. Its situation would suggest th(‘, probability of its being an hepatic 
organ ; hut it is altog(‘ther so enigmatical that it wtmld be rash, with our present 
knowledge of it, to insist on assigning to it any special significance. 

In contact with each of thesi' enigmatical organs is a small tubercle, from which 
a bundle of short fibres pass olf in a radiating direction. The resemblance of these 
bodies to a pair of nervous ganglia is obvious; but the author was more inclined to 
regard them with Schneider as indicating points of attachment of the contained 
animal to the two valves of the test. 

The smaller of the two openings in the base (that, namely, which is situated 
near the abanal edge of the animal) is, like the other, surrounded by a hollow 
membranous lobe with ciliated margin ; tliis is uninterruptedly continued round 
the abanal side of the opening, but is d(dicieut on the opposite si<le. The opening 
leads into a special chamber entirely shut off from the cavity of the mantle and 
from the pharynx. Tlie walls of the chamber are lined with cilia, and it has 
within it, or in immediate connexion with its walls, two peculiar structures. One 
of these is a somewhat pyriform organ, which, with the narrow end close to the 
orifice of the chamber, extends from this point into its cavity ; it is composed of 
a mass of spherical bodies. The other extends ov(t the roof of the chamber in 
form of a cap ; it consists of two portions, one of which lies directly on the 
walls of the roof and has a transversely laminated structure, which, however, dis- 
appears towards the abanal side of the chamber; the other is an o^al mass of glo- 
bular cell-like belies, and lies on the free convex surface of the laminated portion. 
Ilere, again, this part of the Cyphonautes is in the highest degree enigmatical ; 
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and yet it is dilHciilt not to believe that in the struct urea just described we have 
an ovary and testis with associated accessory structures. 

The author observed no further fact which might tend to throw light on the 
ultimate destination of iUjplmnautm^ and more e=?pecially nothing which might 
tend to confirm the remarkable views lately published by Schneider, who believes 
that he has traced its development into the polyzoal Mcnibnimpora pilosa. The 
structure is considerably more complicated than Schneider seems to be aware of ; 
while the opinion of this observer, that tho whole of the proper Cyphonaute s 
structure becomes absolutely obliterated, and the body of the animal converted 
into an amorphous mass of cells, from which the Menihranipora becomes evolved, 
not by a process of budding, but by a di fie rent iation of stnieturo, is so startling, 
that, notwithstanding the partial assent lately given to it by Nitsche, we are com- 
pelled to wish for further coufirniation of tho evidently ciU’efiil observations of tho 
German zoologist. 

If the abanal chamber de.sci‘i])ed above witli its associated structures really be- 
longs to the generative system (and it is hard to say what else it can be), tho view 
that Cyphonautci is a polyzoal larva is scarcely tenable. 


Les Baletnes da Cray (TAaver.^, Par le Prof. P, J. Van pKXEnEy, LL.D, 

Les travaux ex(5cutes pour h\s fortifications d’Anvers ont mis an jour uue qnantite 
innombrablo d’ossements fossiles, provenant cranimaiix marins, parmi lescpiels les 
Cetac^s d fanons ou les ^fysfwefca dominent complet<mient. 

L’on sait quo e’est suv line t^tendue do plusicurs lieiix que Ton a fouille le sol 
pendant des amides et que ce sol cst le plus riclie ossuaire connu du monde entier. 
Cette al)ondance d’osseinents enlasses rappelle quclquos localites oil les debris de 
Cdtaces vivants s’accumuleiit encore tons les jours. 11 y en a sur les cotes d’Afrique ; 
et non loin do la cote du Chili, la petite ile de ■Niocha est si riche, sous ce rapport, 
dit un baleinier, quo Ton pourrait en mcubler ti)us les musdes de rEurope. C’est 
ce que Ton pourra faire oguleineiit avec les osscmients fossiles d’ A n\ ers. 

A cdtd de debris do Sireuiens et de Tortiics gigan((*sques, quo Toil no trouvo plus 
quo dans les rdgions tropicalos, on y d('couvre dos r(‘st('s d’oiseaux qui visitent 
periodiquement h\s niemes lioiix; des Phoqiies cninine les Trichorodony qui no 
vivent plus que dans les rdgions polaires, des Ctdodoutes sous la forme de Dau- 
phins a long rostre, des Zipliioides de toutes les grandeurs et desCetacds a fanons 
do toutes les dimensions. C’e.st de ces derniers quo nous voulons purler dans ce 
moment. 

Au-dessus d^uno couche d’argile d’line grande puissance, que Dumont a appeldo 
Ilupelienne (Miocene), se trouvent des bancs de sable, noir d’abord, gris ensuite, 
jaiine on rouge aprds, dont lo premier re pond an Diestien de Dumont (Miocene), les 
deux autres a son fScaldisien, e’est-A-dire an Crag (Pliocene). Au-dessus de ees 
sables nous trouvons des couches quaternaires dans lesquelles on ddcouvro assez 
abondamment des restes d’Elephant, do Rhinoceros, d’( )urs, d’llyeno, do Renne, 
d’Elan, et de Cerf ordinaire, etc. etc. II est ii remarquer que ce sont, ^ qiielques 
exceptions pres, tons animaux terrestres. Nous avons recueilli, imuue au milieu de ces 
debris d’animaux, uu long couteau de silex ii la profondeur des couches inftlrieures 
de la tourbe. 

Le sable en dessous no renferme que des didiris d’animaiix marins. II corres- 
pond au Crag de Suffolk ; mais, contrairement a ce qui se voit en Angleterre, ces 
osseinents no eout pas roulcs et ils ne sont giiere meles avec des debris d’animaux 
terrestres. 

On voit quo les cadavres ont 6t6 tranquillemcnt enfouis sur les lieux, aufond d’un 
estuaire, taiidis quo les osseinents trouvds en Angleten’e ont dvidemment 6t(5 pen- 
dant longtomps le joiiet des vagucs. 

C’est dans les couches inferieures, ou le sable noir, que Ton voit paraitro, paimi 
les Ctitac^s, les Dauphins fi long rostre, les Eurinodelpnis de mon colRgue du Bus, 
los superbes /Aphidiaes qu’il a fait connaitre dans les Bulletins de I’Acadi^mie de 
Belgique, puis les Mysticetes, e’est-a-dire les C^tac^s que Von appelle coram im^ment 
Baleines. Mais presque toutes ces Baleines sont des animaux comparativoment de 
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S elite taille, (jui rappdlent la Neohatana marginafa^ signal^e par le Docteur Gray 
ana cea derniera temps, a lo’uest de la Nouvelle Z^laude. 

L^on pent dire, coninie pour certains poissons fossiles, que des formes animales, 
fossiles aujourd’hui dans rinSmisphere boreal, sont conservdes par quelques repr^- 
sentants dans rhdmispbere austral. 

Cos baleines naines, de la tin de la pdriodo Miocene et dii commencement de la 
ptb’iode Pliocene, sont fort dilft^reiitea entro dies et se rapportent respectivement 
aux types cunnus actucllement, c’est-a-dire aux Bakena^ Balenopteray et Megaptera, 
11 n’y a que les EriyMochtes qui e’cloignent de tons ceux que nous connaissons, par la 
singuliero conformation de leur maxillairo inft^rieur. Le condyle articiilaire au 
lieu de se trouvei* an bout, laissc derriere lui on dossous une loufrue apopliyse, 

!Mais si ces cetacl.^ represcutcnt deja nos types acturls, il (\st a remarqii(‘r quo 
c’est par des espk'cs uaiiies, et ceux qui atteigaeut la taille de nos baleines 
actiielles ne se trouvent qiie dans le (bag lo plus recent. 

C est done, coiitraivemeut a ce que nous moutreiit animaiix terrestres, pendant 
la periode actuelle quo les ctHaces ont atteiut leur plus grande dimension. Xe peut- 
on piis dire que c’est au.9si dans le cours des deruieres p6riodes geologiques, que 
le.s mers se sont le plus accrues et se sont le plus completement st^parees des con- 
tinents? L’Atlantido a fait place a rAtlantique, et de nouveaiix cetaces ont pris des 
dimensions eii rapport iivec la nouvelle etendue de leur milieu. 

La loi d’apres laqtiidlo les formes fossiles sont d’autant plus semblables aux 
vivantos qu’elles seat plus ivcenles, e.st parfaitement obsf‘rvee, absolument coinme 
la loi d'apros laquelle la taille de.s aniiuaux correspond avec le continent ou le 
milieu qui les nourrit. 

Les ossements L.j plus abondants a Anvers appartienmuit aux Bahrnopterulcs 
plutbt qu’au.x Babeiiides, mais ilsforment des hpes nux([uels il a fallu imposer des 
norns nouveaux. (iut'l([ues-uns de ces types soiit connus, et il y eii a que Ton a 
trouve deja dans une grande partie de Tbairope : en Portugal, eu Lombardie, eu 
Crimee, a Malte, (ui .Vutriehe, en Alleuuigne, en Angleterre, dans les Pays-llas ct 
cii llelgique on a troiiv«'‘ cles lestt's de Cctotlu riinn. 

On coiinait cependant aus.'^i deja queiqiu's Palenides. M. Seeley a fait counaitre 
depuis PithcociiHs iSedgu'ickii\ et j’ai rcyu recomment la nouvelle d'une 

tet(‘ de babuiie naine trouNee au fond de la mer sur la cote du Danemark. 

Xous lie \ous fatigiierons pas en \()us e.\p(».sant les noms nouveaux quo nous 
ftvons cru devoir proposer pour ces noin elles forine.s. C('s noms se trouvent dans 
les Pulletiiis de rAcudiunie de Jlelgiqu * du mois de Juillet dernier Les Baleines 
Fossiles d'Anvers”), imds je demandeiai (rajoiit(*r quo le Museo Jtoyal d’lli.stoire 
Natiirelle de Bruxelb's reiilerme les (lilfcrenls cetaces determines jusqu’a present, 
et que, grace au concours aetif du Directeur, M. Dupont, tons cte objets sont 
aujoiird'hui exposed au public. Il y en a panni eux, coniiue les Bahcnida et les 
Bida'nofus, iM'pivseiUes par des squeb'ttes piesque (aunplets; tous lea 

Cftothenum y iigureiit par des portions de cnine, des os de roivilie. des os maxil- 
laires et des coloimos vertebrales. 


CulTs TjvcIx fSahnoii-pKSS or Sirumnuig-btalr, Bg BicnviiD Cail. 

After remarking upon the importance of the subject of salmon-passes, and the 
failure, more or les.s decided, which had hilb.erto attended experiments in erecting 
them, the author went on to describe his “ Lock-paub or ^'n'i}}imi/ig-8fair.'’ It con- 
sists essentially of a series of troughs or locks arranged lik(‘ the ste}>s of a stair; 
they are k(*pt constantly iilled, and commiinicato with each other through sub- 
merged apertures. 

The arrangement is such as to connect in a continuous cliain of deep water, 
flowing at a moderate speed, the upper and lower levels of a stream or river, whether 
broken oitlusr naturally by a fall or artificially by a dam. The front of the pass is 
made high, so as to divert all flood- water from the dam or impounded water into 
the hi^'-hest lock. The feed-aperture is situatetl considerably below the apex of 
the dani, and is larger than any of the other apertures which communicate between 
lock and lock ; co!isequeutly all the locks becojne full of water, and the surplus over- 
flows at the brim of each. The apertures wliich unite the locks aro therefore all 
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submerged, and they constitute a continuous line of communication by water be- 
tween the lower and upper stream, however great the difference in level may be, 
a higher fall merely requiring a greater number of locks than a lower. To mo- 
derate the velocity of the flow of water through the trough-aperture, the apertures 
are not placed in continuous line, but diagonally opposite, with small jetties. The 
difference in level between each lock will generally bo about 15 inches, and the 
size of the locks 0 or 7 feet square ; the area of the trough-apertures about 1 foot, 
that of the feed-apertures being about one fourth larger. When space is limited 
and the height to be surmounted considcjrable, the locks may be arranged like a 
winding or spiral stair. The plan of construction is not costly ; generally it may 
be made of timber. 


Mr. H. E. Dresskii exhibited British Specimens of irijpoJais ivtcritiu. 


Sur les Dents dit !^^a(•r^mehcnia et leur Mode de llemplacemcnt. 

Par M. Paitl Gekvais. 

Le Prof. Paul Gervais rappclle d’abord les caracteres speciaux de la faime qua- 
ternaire propre a rAmerique meridionale, et les principaux travaux doiit elle a tHe 
I’objet dans ces derniers tcuups. Le nouveau memoire qu il se propose de coiisacvt'r 
aux animaiix propres a cette fauno paraitra parmi caoix de la Societe (T(k>logiquo 
de France, et comprendra des diHails relatifs a plusieurs des especcs eteinles a(5- 
couvertes dans rAm<5rique du sud, particiilierement au Macrauchmia. 

M. Paul Gervais fait connaitre eii partio la premiere dentition de co genre si 
curieux de maminiferes, et il on decrit en nieme temps les dents de rcmplaecment 
pour la machoire inferioure. Celles do ces dents qui repondent aux incisives, aux 
canines, et aux avant-molaires sont remarquables par la disposition festomitk' de 
leur couroniie, qui rappelle dhine luaniero inatL(maiio la furmo caracteristi(|ue de 
V Ifjuanodon. M. P. Gervais presente une planche sur laquello ces caraettuvs sont 
repr(^sent6s. 

£n ce qui coucerne la cla^^siflcation du Macrauchnua, il pense, avec M. Owen, 
que cet animal doit etre rapproch(5 de Bhinocah’os, et qu'il appartient a la meme 
tamille que ces derniers ) cc qui lui parait resulhu' de rensemble des caracteres pro- 
pros a ce genre qui rt^pete dans la S(*rie de Jumeutes, ou Anisodactyhss, uuo condition 
comparable a celle aes Anoplotheriums parmi les Porcins, et fournit, parmi les 
Khinocerides, Texamplo d’uiio formule dentaire ramcnee a son expression typique. 

Les noiivelles etudes de M. P, Gervais completerout a ctutains (?gards hvs notions 
publides par MM. 11. Owen, Bravard, et Burmeist(*r, ainsi quo par lui-meme, rela- 
tivement a ce genre singulier do Maminiferes. I^es pieces qu’il a examinees font 
partie des acquisitions r^cemment accomplics par ]e Museum de Paris. 


Diversltij of Evolution under otir set of E.v ter nal Conditions. 
Bp the Bov. John T. Gulic k. 


Note on the ewplopment of Yachts In Deep-sea llesearches. 

By Capt. Mahsrall Hall, F.G.S., F.C.S., 

Having bad some experience in dredging kc. from a yacht, and having mot 
with sundry yacht-owners who would like to join in such pursuits, the author sug- 
gests that the British Association would be a proper body to form a Committee to 
encourage, organize, direct, and inform yachting naturalists with regard to the 
mode in which they could be of most use. He considers that though no single 
small vessel without steam and experienced men could investigate a locality 
thoroughly, yet, by an interchange of apparatus and a division of the work to be 
done (one yacht taking cuiTcnt observations and sounding, another the dredging, 
and so forth), a small squadron making a rendezvous, say, at some little-known West- 
India island or the Canaries, might accomplish very complete and interesting in- 
vestigations, besides doing valuable work nearer home. 
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He suggests that a yacht of, say, 150 tons is the most practically useful size, not 
being too large to get under weigli quickly, and yet of suthcient size lo carry stores, 
gear, a ste<am-laiinch, fuel, and engine, the last to"be equally available for the launch- 
screw and a winch on the ship’s deck. 

lint he also considers smaller craft to be equally useful in some ways. 

The Committ(;e might be empowered to communicate with the lloyal Yacht 
Clubs and ask the support of naturalist moiubers ; they might also consider the 
advisability of voting grants for attaching “experts” to such squadrons to describe 
the more perishable animals *.S:e. on the spot. 

In conclusion tin* author points out the assistance to the .supply of large aquaria 
which the development of tastes for dredging would be — yachts visiting fishing- 
stations and saving alive the prizes allowed ])y tishennen to he wasted, dredging 
with the yachts and boats themselves, making the nearest Jiritisli port with a 
valuable cargo in portable tanks, and sending them alive to their inland or coast 
homes. 

Mr. J. Wasdall, of Scarbamugli, considers that the education of a body of sailors to 
zoological work, the keeping of a list of them, so that yacht ovvncr.s might know where 
to find such skilled hands, would he one of the valuable results of the lal)Ours of such 
a Committee. The interchange of expensive apparatus and gear would be another. 


On the MoUasca of Europe comparcfl u'ith tho.'ie of EnMcr a North America, 
Jhj S. CwvN Ji:rFKj:vs, F.G.E. 

The author lutd dredged last nulumii on the coast of New Kngland, in a .steamer 
provided by the ( }ov«riimeiit of the rnited States, and had inspected all the prin- 
cipal colh'otions of Molliisca made in lki4(‘rn North Ameiiea. The author com- 
pared the Mollusea of Kmope with those of Massachusetts. He estimated the 
former to contain about 1000 species (viz. ‘200 land and frohwater, and 600 ma- 
rine), and the hitler to contain about 400 species (viz. 110 land and freshwater, 
and *J00 marine) ; and he took Mr. Iliniiey's edition of the late Prof. Goidd's 
Hleporl on the Mollusea of Massiehuselts’ as the .standard of eomparlson. That work 
gives 407 specie.s, of which the author considered 40 to be varieties, leaving 367 
apparently di.stinct species. About 30 species may be added to this number in 
conscqueiice of the recent resc'urches of Prof. Verrill and .Mr. AVhileaves on the 
coast of New England ami in the Gulf of >St. Lawrenee. lie identified 173 out of 
the 3)07 ^lassachusetts .speeio.sa.s Ihiropean, viz. land and freslnvaler 30 (out of 110), 
and marine 13 1 (out of 257), the proportion in the former case being 28 per cent., 
and in the hitler 52 per cent. ; and he prodiicod tabulated lists of the species in sup- 
port of his stateimuit. lie proposed to account for the distribution of the North- 
Americnn Mollusea thus identilied bv.'^howing that the land and fre-shwater species 
had probably migrated from Ihirope to Canada througli Xorthern A.sia, and that 
most of the marine spc'cies must hav e been transported by the Arctic current througli 
Davis’s Sirait .soutliward to Cape Cod, and the remainder by the Gulf-stream from 
the iMedilerranean and western coa.sts of the Atlantic in a northerly direction. 


On the Theory of the Felt nti fir ]hdne of Beauty in. relation to the iloefrines 
of ^ir, Dvnuin (in<f Mr, Galton. By F. T. Mott, F,E,G,S, 


Preliminary lleport on Brcdyinya in Lalce Ontario. By II, Alleyne 
Nictiot.sox, J\1.T)., D.S(\, ]\i.A.y E.ILS.E.y J^rofessor of Nafiiral History 
hi Enivermfy Colleye, T'oronto, 

In tliis communication the author gave a short preliminary account of a scries 
of dredgings carried out in June and July in Lake Ontario. This lake had not, 
np to this time, been explored by the dredge ; and some valuable facts having been 
brought lo light in Lake Superior in 1871, by systematic dredginjj, be was there- 
fore induced to apply to the Govonimcnt of the Province of Ontario for a grant of 
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m oney to Iw espeodod in dredjHng Lake Ontario. With a pmiseworthy appro* 
0 iation of the true value of such researches, the Govemnient at once generously 
g ranted the necessary assistance. The dredgings were carried on partly In a vacht 
a nd partly in a steamer, and were prosecuted by hand, the apparatus employed 
being similar to that used in marine dredging, except that a bag of embroidery 
canvas was placed outside the ordinary net — an addition rendered necessary by the 
extremely fine nature of the mud at great depths. Upon the whole, the results 
obtained in Lake Ontario agreed very fairly with those obtained in Lake Superior, 
there being a general conformity in the phenomena observed. The fauna or Lake 
Superior, however, so far as deep water is concerned, is decidedly richer than that 
of Lake Ontario ; whilst some of the more remarkable species discovered in the 
former appear to be absent iu the latter. As might have been anticipated, the 
fauna of Lake Ontario is not extensive, though some forms occur in great profusion. 
The shallow-water fauna is very rich in individuals, and the number of species is 
quite considerable for fresh water. Beyond eight or ten fathoms the fauna oecomes 
very scanty ; and when depths of from twenty to fifty fathoms are reached the list 
becomes reduced to some Annelides and Amphipoa Crustaceans. The nature of 
the bottom, also, at great depths is very unfavourable to life, consisting almost 
everywhere of a fine, unpalpable, greyish-blue clayey mud, the temperature of 
which is very low. 

Out of thirty-one forms, in all, discovered by the author in Lake Ontario, the 
most interesting were the Annelides and Crustaceans. The Annelides were very 
abundant, and consist of species of Nephelis and Clepsine^ Sdnnns and Chirodrilhis^ 
some of the leeches presenting phenomena of especial interest. Qf the Crmincea^ 
the most important is a little Amphipocl, which occurred in depths of from thirty 
to forty-five fathoms, and which the author identified with the Fontoporeia affimd 
of the Swedish lakes. This species and the Stomapod, Mysis rclictaf are found 
in Lakes Wetter and Wener in Sweden ; and it is well known that they have been 
believed, upon good grounds, to support the view that these lakes had been at one 
time connected with the sea. It is therefore a very interesting fiict that these 
species should both have been detected in Lakes Michigan and Superior. The 
Fontoporeia the author had now detected in T.ake Ontario ; but it is a singular fact 
that tne Mysis (which is common in Lake Superior) had not been found to occur 
at all in the dredgings carried on by the author. 


How (t National Natural- History Musemn mujlit he huilt and arranged 
With advantage. By E. A. Peacock, C.E., F,G,8, 

The mUseUm now building at Kensington is about 800 feet long by 200 feet 
wide ; its area, therefore, is about acres, the market value of which is about 
£44,000. Its cost will be nearly £850,000. The circumference of the building is 
2000 feet, which, multiplied by the three floors, gives a length of galleries of about 
6000 feet*. A complete collection of whales and dolphins would fill all thi^> and 
there would be no space for any other animals, much less for the botanical and 
other specimens. The known species of whales are thirty- two, of from 50 to 110 
feet long, and seventy-two dolphins, from 12 to 25 feet j and the number of these 
Cetacea, Dr. Gray says, will be veiy much extended.^^ Taking the whales at the 
average moderate length of 60 feet and the dolphins at 16 feet, we have a total length 
ofSOOOfeet. But the writer believes a National Museum ought to containamole skin 
and skeleton and a female skin and skeleton of every species of Vertebrata, and the 
yoiin^ of the same, also a sectional drawing of each species, sliowinir the skeleton 
within the skin. And Dr. Sclater is probably right in proposing that the young of all 

* Since this paper was wrideti, the author has seen a perspective view and ground-'plan 
of the Government Museum, the building of which is let for £362,000. It averages 600 
fret long by about 267 feet wide, and is four stories high including the basement, and 
affords about half the requisite space for a cempkie museum. The building as to its ex- 
terior will be very elegant. The view and plan are in ‘ The Builder ' of January 4 and 11. 
The drawings of the building proposed by the author are at the Geological Society*! 
Boomi, 
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ages, examples of variation, and preparations of the internal structure should also 
appear. It would therefore seem at lirst sight as if a length of at least 12,000 
feet would be required ; but this may be veiy much reduced. The spaces provided 
for the Cetacea in the sequel of this paper are 20 feet wide and from 20 down 
to 12 feet high ; therefore all but the largest whales can be placed side by side, 
with their respective skeletons suspended over them, and the young, varieties, 
and preparations can be placed fdongside without requiring additional lengths, 
liut allowing for the numbers being “very much extended,” the total length 
will certainly exceed a nnle, and will therefore, as stated above, till the museum 
now building. The number of volumes now in the llritish Museum JAbrary ex- 
ceeds a million, and is said to double itself in lifteen ye.ars. Thus in half a gene- 
ration hence the books will liav(* so much increased as iu)t to lcav(‘ room for either 
of the great collections, viz. (a) the Arts and CuvioAties, and (b) the Natural 
History, which will also liave increased ; and especially so if the present unex- 
hibited portions of the collections should bo exhibited, ns they ouoht to be. 
Hr. J. E. Cray says, in a letter to the present writer : — “The space proposed [nt 
S. Kensington] is very small, not more lli.inwo hav(‘ at present ; and tliere is a Great 
want of room for the iiucexhibited portion of tlie collection, not maarly as mueli as 
we liave here” (Hrit. Mus.). And he advocates the Arts and CuvioA ties being 
placed in the museum now huildiiiG* : and, in Irutli, that appears to he the jiidieious 
and inevitable conclu'^iou, because it simply iniposAble to build at S. Ktmsington 
one of the usual rectangular musemms of only three (‘r four) stories, which shall 
hold all the specimens illustrating Zoology, Hotany, ^Mineralogy, and Palaeontology, 
without spreading it over some 8 or i) acres (worth £100,000), and an unneces- 
sarily vast space to walk over. It would eaus(‘ .sad confusion to lit up tluj present 
new building for Natural History, and afterwards to alter it for the reception of 
the Arts and ('uriosities. 

Proposed 7Vc?c — This will contain miles nearly (in addition to the 

auxiliary C<‘tacoa-room of Iddli feet) of spaces and plaSvS case**, for the Vi^tebrata 
and fossils, and to bo called tlio Animal Hallery. This galhuv will also eoutain 
880 window-cases covered with plate glass, encli () feet long by ’I feet wide (/ c. a 
mile long by a yard wide), the whole well lighted by 880 large non-transparent 
glass windows — mainly for tlio Invertebrata. For Plaiits, Lecture-rooms, and 
liibrary, an arc'a of /)7,000 superlicial feet is provided ( acre nearlv), and for 
Mineralogy 50,000 superlicial feet { 11 acre and more) : these would h(' lighted by a 
circular non-transparent glass roof, .‘120 feet in diameter. All these spaces wilfbc 
di\ided into a suitable number of separate rooms by non-transparent glass parti- 
tions, so that (for example) only one species of (’elaeean can be seen by each 
pcTson at once, to u\oid con^u^i^^^ ; ami galleries would be p^o^ ided at half the 
Iieight for seeing closely all tlio very large specimens. The Avriter tliereforo pro- 
pose.s to take .‘>J acres at tlio angle formed by Prince Albert Road with Gore Rond, 
and forming a square of 400 feet ; of this area llie angles Avould he occupied by various 
auxiliary olHcos, A'c. The central circular mus('um would be carried up to the 
height of twehe stories or R 0 feet, and would be 344 feet in diameter; and access 
could be gained up or down in a fcAv seconds, to any door, nt a cost of a Id,^ by 
means of an hydraulic hoist worked by a small steam-engine. Tlie eiilrauce Avould 
bo by a porch *20 feet square, lighted % a glass roof, niul oontainiug in plate-glass 
cases busts in marble of the most eminent naturalists, dead and living. On en- 
tering the museum, to the right Avould be the Animal Gallery, whicli Avoiild form 
an inclined plane, rising 1 in 47, and afterwards 1 in 9t, and the heights of gallery 
varying from 20 down to 0 feet. On the right as you ascend would be the windows 
and wiiidow-cases, and on the loft spaces surroundod by brass railings for the 
Cetacea: next in order all the other living animals being V('rtebrates ; Avhen 
they have all been placed, the extinct animals will succeed in plate-glass ca.ses, 
behind which would he the work-rooms all the way to the top of the building. 
The order would be, first, the latest vertebrate fossils, then tlio other vertebrate fossils 
according to age, the oldest being nt the top. Those who wished to see the fossils 
in the usual order would always hare the option of ascending by the hoist to begin. 
The circular form has been chosen becan.se n square of equal area would have a cir- 
cumference of 130 feet greater length of wall and window, which, multiplied by the 
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height, ICO feet, gives an area of wall and window saved by the circle of 21,700 
superficial feet. There would also be a saving in the distances to be walked over. 
The whole museum would be lightning-proof and also fire-proof, as^ no wood would 
be used. The building to be faced with vermilion-coloured bricks with stone 
dressings, the walls being strong and well bonded. A three-story museum of CJ 
acres costing £.'150,000, one of 8^ acres would cost proportionably £705^000. The 
expense of the twelve-storv inuseiini and its appendages, worked out in detail at 
the prices current in April 1872, would be £-151,788, which includes £0471 for 
kamptulicon floor-cloths, seats, tables, and desks ; l)ut it includes nothing for the 
SJ acres of land. This twelve-story museum could be built equally well on any 
otlier site wherf3 the square of 400 feet had two of its adjoining sides bounded by 
roads, if no other lofty buildings were erected too near it. [Messrs. Spun of 
Charing Cross have published the paper in extcn<oP\ 


On the Perforating Instruments of Pholas Candida. Bg John IIobertson. 


On a new RhlnoceroSj with Pemarhfi on the Recent S/^edes of this Genus and 
their Distribution, By V. L. Sclateu, Ph,])., F.R,JS., Secretary 

to the Zoological Society of London, 

On the 14th of February last the Zoological Society of London received in their 
Gardens a female two-horned Rhinoceros, wliich had been captured near Chitta- 
gong four years previously, and liad been .since kept in captivity at that station in 
India. This animal had been referred to Rhinoceros sumafrensis of Cuvier by the 
author and by other writers who had spoken of it, that being tlie only species of 
the Asiatic two-horned section of rhinoceroses hitherto recognized by naturalists. 

The recent acquisition of a female of the veritable It, sumatrensis from Malacca 
had enabled the author to compare the two animals together, and had led him to 
the conclusion that the first-mentioned specimen belonged to a dillVrent species, 
which he proposed to call Rhinoceros hisioiis, or Hairy-eared Rliinoceros, its most 
obvious extenial peculiarity being tlio long hairs wliich fringe the oars. 

The existing species of Rhinoceros certainly known were considered by the 
author to be six in number, viz. ; — 

a, Asiatiei : dentes incisivi siiperiores duo. 
a\ cornu nasali unico. 

1. R, unicornis, Linn. Ex A.ssam. 

2. R, sondaicus, Cuv. I'^x Java, Romeo et ponins. Malavana. 

I/, cornibus duobiis. 

8. R. sumafrensU, Cuv. Ex Sumatra et penins. Mnlayana. 

4, R, kisiotis, mihi. Chittagong. 

h. Africanl : dentes incisivi nulli. 

5. R. hicornis, Linn. Ex Afr. trop. merid. et or. 

0. R. simus, Burch. Ex Afr. trop. merid. 


Notice of an apparently new Marine Animal from the Northern Pacific, By 
P, Ji. ScLATER, M,A,, Ph,D., F.R.S,, Secretary to the Zoohyical Society 
of London, 

The author exhibited sneciniens of bodies bearing the general external shape 
and appearance of long thin tapering white willow wands from 4 to 0 feet m 
length, which he had received from Captain David Herd, of the Hudson’s Bay 
Company’s service, with the inforinalion tliat they had been brought by that 
company’s vessel from Barraud’s Inlet, Washington Territory, North-west America. 
The captain who brought them stated that they were the backbones’^ of a gelatinous 
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fish shaped like a conger cel, which was very coiniiion in Barraud’s Inlet, and 
which swam about in slioals along witli the dogfislios, that in the living animal 
these backbones were transparent like the rest of the animal, but became ossified 
when dried on the beach. 

^ Dr. Gray having obtained one of these rods had recently described it as being 
either the axis of a Pennatulid animal or the bom*, of a Chiphalopod,” under the 
name Odeocella septenfr tonal is. But Mr. Sclator was of opinion that, supposing the 
facets above stated to bo true, those rods must be regarded as the ossified notochords 
of some low organized fish with the skeleton wholly cartilaginous, probably btdoiiging 
to the Lampreys or to the Chi line roid group. 


Instinct — with original Observations on Young Animals. Jhj D. A. Spalding*. 

With regard to instiuct, we have yet to ascertain the fiicts, — Do the animals 
exhibit untaught skill and innate knowledge ? May not the isuppposed cases of 
instinct be, after all, but the results of rapid learning and imitation The contro- 
versy on this subject lias been chiolly concerning the perceptions distance and 
direction by the eye and the ear. Against the instinctive nature of these percep- 
tions it is argued that as distance means movement, locoiuetion, the very essence 
of the idea is such as cannot be taken in by the eye or the ear — that what the 
varying sonsatioiii of sight and hearing correspond to must be got at by moving 
over the ground, by experience. The results, however, of experiments on chickens 
were wholly in favour of the instinctive character of these perceptions. Chickens 
kept in a state of blindness, by various devices, from one to three days, when 
placed in the light under a set of carefully prepared conditions, gave conclusive 
evidence against the theory that the perceptions of distaucij and direction by the 
eye are the result of aSvSuciations formed in the experience of each individual life. 
Often at the end of two minutes th<*y followed with their eyes the movements of 
crawling insects, turning their heads with all the pn^cision of an old fowl. In 
from two to fifteen minutes they pocked at some object, showing not merely an 
instinctive perception of distance, but an original ability to judge distance and 
direction with something like infallible accuracy. If beyond the reach of their 
necks they ran up to the object of their nursuit, and may be said to have invariably 
struck it, never missing by more than a nnir’s breadth ; this, too, when tlio specks 
at which they struck wore no bigger than the smallest visible dot of an i. To seize 
between the points of the mandibles at the very instant of striking seemed a more 
dillicult operation. Though at times they seized and swallowed an insect at tlie 
very first attempt, most frequently they struck live or six times, lifting once or 
twice before they succeeded in swallowing their lirst food. To take, by way of 
illustration, the observations on an individual case a little more in detail : a chicken 
at the end of six minutes, after having its eyes unveiled, followed with its head the 
movements of a tiy twelve inches distant ; at ten minutes the tly coming within 
reach of its neck was seized and swallowed at the lirst stroke ; at the end of twenty 
minutes it had not attempted to walk a step. It was then placed on rough ground 
within sight and call of a hen with chickens of its own age. After standing chirp- 
ing for about a minute, it went straight towards the hen, displaying as keen a per- 
ception of the qualities of the outer world as it was ever likely to possess in after 
life. It never required to knock its head against a stone to discover that there 
was ^*110 road that way.” It leaped over tlio smaller obstacles that lay in its 
path, and ran round the larger, reaching the mother in as nearly a straight line as 
the nature of the ground would permit. Thus it would seem that prior to expe- 
rience the eye, at least the eye of the chicken, perceives the primary qualities of 
the external world — all arguments of the purely analytical school of psychology to 
the contrary notwithstanding. 

No loss decisive were experiments on hearing. Chickous hatclu'd and kept in 
the dark for a day or two, on being placed in the light nine or ten feet from a box 
in which a brooding hen was concealed, after standing chirping fora miiiuteor 
two, uniformly set otf straight to the box, in answer to the call of the lion, which 

♦ Printed in extaiso in ‘Maemillau's Magazine,’ March 1873. 

11 


1872. 



142 


REPORT — 1872. 


they had never seen and never before heard. This tliey did, struggling through 
grass and over rough ground, •when not yet able to stand on their legs. Again, 
chickens that from the first had been denied the use of their eyes by having hoods 
drawn over their heads while yet in the shell, were, while thus blind, made the 
subjects of experiment. These, when left to themselves, seldom made a for- 
ward step, their movements were ronnd and round and backward; hut when 
placed within five or six feet of the hen-mother, they in answer to her call became 
much more lively, began to make little forward journeys, and soon followed her by 
sound alone, though of course blindly. Another experiment consisted in rendering 
chickens deaf for a time, by sealing their ears with several folds of gum-paper 
before they had escaped from the shell. These, on having their ears opened when 
two or three days old, and being placed within call of the mother, concealed in a 
box or on the other side of a door, after turning round a few times ran straight 
to the spot whence came the first sound they had ever heard. Clearly of these 
chickens it cannot be said that sounds were to them at first but meaningless sen- 
sations. 

One or two observations favourable to the opinion that animals have an instinc- 
tive knowledge of their enemies may be taken for what they are worth. When 
twelve days old, one of my \\ii\Q protMsj running about beside me, gave the pecu- 
liar chirr whereby they announce the approach of danger. On looking up, a 
hawk was seen hovering at a great height overhead. Again, a young hawk 
was made to fly over a hen with her first brood of cliickens, then about a 
week old. In the twinkling of an eye most of the chickens were hid among grass 
and hushes ; and scarcely nad the hawk touched the ground about twelve yards 
from where the hen had been sitting, when she fell upon and would soon have 
killed it outright. Even more striking evidence was furnished by a young 
turkey. When ten days old, it heard the voice of the hawk for the firsttime, and just 
beside it. Like an arrow from the bow it darted off in the opposite direction, and 
crouched in a comer, remained for ten minutes motionless and dumb with fear. 
Out of a great number of experiments with chickens and bees, though the results 
were not uniform, yet in the vast majority of instances the cliickens manifested 
instinctive fear of these sting-bearing insects. 

But to return to examples of instinctive skill and knowledge, concerning which 
I think no doubt can remain. A very useful instinct may he observed in the early 
attention that chickens pay to their toilet. As soon as they can hold up their 
heads, when only from four to five hours old, they attempt dressing at their wings, 
that, too, when they have been denied the use of their eyes. Another incontestable 
case of instinct may be seen in the art of scraping in search of food. Without any 
opportunities of imitation chickens begin to scrape when from two to six days old. 
Most frequently the circumstances were suggestive, at other times, however, the 
first attempt, which generally consisted of a sort of nervous dance, was made on a 
smooth table. The unacquired dexterity shown in the capture of insects is very 
remarkable. A duckling one day old, on being placed in the open air for the first 
time, almost immediately snapt at and cauglit a fly on the wing. Still more 
interesting is the art of catching flies peculiar to the turkey. When not a day 
and a half old, I observed a young turkey, which I had adopted while yet in 
the shell, pointing its beak slowly and deliberately at flies and other small insects 
without actually pecking at them. In doing this its head could be seen to shake 
like a hand that is attempted to be held steady by a visible eflbrt. This I recorded 
when I did not understand its meaning ; for it was not until after that I observed 
that a turkey when it sees a fly settled on any object steals on the unwary insect 
with slow and measured step, that when sufficiently near it advances its head very 
slowly and steadily until within an inch or so of its prey, which is then seized by 
a sudden dart. In still further confirmation of the opinion that such wonderful 
examples of dextei-ityand cunning are instinctive and not acquired, maybe adduced 
the significant fact that the individuals of each species have but little capacity to 
learn any thing not found in the lives of their progenitors. A chicken was made 
from the first and for several months the sole companion of a young turkey ; yet it 
never showed the slightest tendency to adopt the admirable art of catching flies 
that it saw practised before its eyes eveiy hour of the day. 
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The only theory in explanation of the phenomena of instinct that has an air of 
science about it is the doctrine of inherited association. Instinct in the present 
generation is the product of tlie accumulated experiences of past generations. Cireat 
difficulty, however, is felt hy many in conceiving how any thing so impalpable as 
fear at tlie sight of a bee should pass hy inheritance from parent to ollspnng. It 
should be remembered, however, that tlie permanence of such associations in the 
history of an individual life depends on the corresponding impress given to tho 
nervous organism. We cannot, strictly speaking, experience any individual fact of 
consciousness twice over ; but, as by pulling the bell-cord to-day wo can, in the 
language of ordinary discourse, produce tlio same sound we heard ye.sterday, so, 
while the established connexions among the nerves and m^rve-centres hold, we are 
enabled to live our experhuicos over again. Now, why should not these modiiications 
of brain-matter (that, enduring from lionr to hour and from day to day, render 
acquisition possible) be, like any other pliysical peculiarity, transmitted from parent 
to olfspriiig K That th(‘v are so transmitted is all but proved by the facts of 
instinct, wliilc these in their turn receive their only rational explanation in this 
theory of Inherited Association. 


Notes of a Deep-sea Bredarnj-Expedition roand (lie Island of Anticosti^ in 
the Gulf of Sf. Lawrence, By J. F. WiUTEAvrs, F.G.S, 

Through the kindness of the lion. Peter Mitchell, Mini.'^ter of Marine and 
Fi8hf‘ries for tho Dominion of (banada, wdio not only gave tho aiitlior facilities for 
dredging on hoard (lovcviiment vessels, but caused rope enough to be plac(Al athia 
disposal to enable him to examine the greatest depths, the expi'dition, of which 
a brief d('Kcriptive resinnl' is liero offi^cd, was undertaken. Five weeks were spent 
at sea, and depths of from 100 to 2b0 fathoms were succes>fully explored during 
the months of July and August 1871. 

The area investigated includes an (udire circuit of the island Anticosti, as far 
to the K.W. as Point di's Molds (on the north shore of the lUver 8t. Lawrence), 
and to tho S.W. as the Mag-dahm Islands. It va.s tlie authors intention to 
have tried to dredge in the de(*pest part of tho gulf, in a spot situated halfway 
between the east end of tlie island of Aidico.'-ti and tlio Bird Pock.«, where, ac- 
cording to the Admiralty charts, the bottom is .‘U8 fathoms deep. Uii fortunately, 
however, when this particuilnr point was renched, and every tiling got ready, a galo 
from the N.W. sprung up, winch made dredging quite impracticable. 

Attempts were made (by using a common thermonnder with a metal case and 
perforated base) (o ascertain the temperature of the deep-sea mud. When im- 
mersed ill the mud, and the whole carefully shaded, the mercury sank almost 
invariably to or Fabr, The word almost ” is used ad\ isedly ; for deep-sea 
mud brought up from 200 futhoiiis, in the centre of the river, between Anticosti 
and the south shore, on one occasion, only made tlie mercury fall to from 42° to 
4b° Fahr. Sand brought up from fathoms on the north shore also made the 
mercury sink to about 87° or 88° Fahr. 

It is estimated that upwards of 100 species of marine invertebrates new to the 
Gulf of 8t. Lawrence weie collected. Of these, 80 or 40 have never been taken 
])(‘fore on the Ainencan side of the Atlantic, and se^er^ll are new to science. The 
number is made up as follows : — • 


Foraminifera . . 
Polycystinn . . . , 

tSpongog 

Ilydrozoa 

Actinozoa . . . 
Kchinodermata 
Annelida , , . . 
Grustacca . . . 

Polyzoa 

Moilusca 


12 

8 

5 

(about) 10 
; 4 


(at least) 20 

10 

12 

24 
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The Ilydrozoa and Annelida have not yet been deteniiinod, and only a small 
portion of the Foraminifera have boon critically examined. 

The following is a brief descriptive sketch of a few of the most interesting speci- 
mens collected. More minute details of the results of the Expedition will shortly 
he published by the author. 

The most curious of the Foraminifera is a Marginulina^ about | of an inch in 
length, from the lirst chamber of which spinous processes project at various 
angles. These vary in number in the two specimens collected, and when perfect 
were probably as long as the shell itself. 

Among the sponges are Qrantia cUiata of O. Fahricius (the first sponge with 
calcareous spicules recorded from the Gulf of St. Lawrence), a fine species of 
Polymastia^ and a massive IlaUchomlrUt with retentive biluimate spicules. Among 
the Actinozoa the most conspicuous novelty is a beautiful species of Pennatidaf 
near to the European P. plwsphorea^ but sutlieiently distinct from it, for which 
the author proposes the name Pennatula canademis. Upwards of forty living 
examples were dredged in deep water, some of which are 8 inches long. The 
genus is new to the American side of the Atlantic, Other interesting Coelenterates 
from the deep sea are a little social anemone, a species of ZocmthuSj a new genus of 
Alcyonoids near to Cormdaria^ and Euncphthya ytomerata^ the latter only known 
previously from Greenland and the banks of Newfoundland. Two rare eoliino- 
derms were collected : one of them is a well-known Norwegian heart urchin, tlie 
Brissus frayilis of Diiben and Koron, the Schizaster frayilU of more modern writers : 
the other, Prof. A. Agassiz informs the author, is the curious Asterid allied to 
Pteraster'^ which Prof. Wyvillo Thomson named Calveria liydrLv; tlie name 
has, however, been proposed for two widely different species in the same journal. 
The Canadian starfish Prof. A. Agassiz thinks may be the Salastor furcifer of 
Diiben and Koren. 

No large crabs or lobsters were taken in deep water. The group is only repre- 
sented apparently in the greater depths by a few curious arctic shrimps. In 125 
fathoms, off Cap-Ilosier lighthou.se, fine specimens of Nyrnphon yiyantciim^ Goods! r, 
and Munmpsis typica of 8ars were taken. Several living examples of a Pi/cno- 
yonum, undistinguishable from the European P. Httovaloj were brought up by 
hempen tangles from 212 fathom.s. 

The deep-water Polyzoa are very intcro.sting and carious. The most striking 
among them are : — Defranda lacernariaj Sars ; Ihdepora cpllidosa^ var. elonyata, 
Smitt; Fkidra Barleeiy Busk; BiccUaria ciUafa, Linn.; and Alcyonidium yclati- 
nosum, Pallas. 

With the exception of a purple Botryllus, apparently new, the few Tuuicates 
obtained are well-known northern New-England species. 

, The following species of shells collected are new to the western side of the 
Atlantic : — 

Area pectunculoides, } Utriculus hyalin u.s, Tarton. 

Portlandia frigida, Tor ell, \ Dentalium ahyssoriini, ISurs. 

„ lucida, Loven. i 8iphonodentalium vitreum, Sars, 

Astarte, two new species. I Eiilima stenostoma, Jeffreys, 

Neoera arctica, Sars. j Sipho spitz bergensis, lieeve, 

„ lucida, LovSn, I „ Sarsii, Jeffreys. 

The following rare species were also dredged in various localities : — 

Terebratula caput-serpentis ? Philine quadrata, Wood. 

„ spitzbergensis, Dav, Lacuna glacialis, Holler, 

Pecten groenlandicus, Chemn, Itissoa carinata, MiyheU. 

Lima suhauriculata. Itissoella oburnea, Stimps. 

Portlandia thraeijeformis, Storer. Buccinum cyaneum ?, Bruy. 

Dacrydium vitreum, Holler. ciliatiim, O, Fab. 

Astarte lactea, Brod. ^ Sow. Fasciolaria ligata, Htyhels. 

Macoma infiata, Stimps. MSS. Trophoii craticulatus, O. Fab. 

Three small fishes were on separate occasions taken in the dredge. Of the.«!e, 
one is a small example of the Norway haddock (Sebastes 7iorveyicus), one a young 
wolf fish (Anarrhichas lupus), and the other a gurnard of the genus Ayonus. 
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Nearly all the marine invertebrates of the norlhern part of the Gulf of the St. 
Ijawrcnco are purely arctic species. 

Three fourths of the !Molliis(a of Greenland, for example, range as far south os 
Gaspd Bay. Quite a number of characteristic New-l’ngland species are found off 
the coasts of Nova Scotia and New Brunswick : a few of these, such as the oyster, 
find their northern limit in the southern part of the Bay of Chaleurs. 

An irregular lino of shallow soundings extends from near the northern extremity 
of the island of Cape Breton, round the Magdalen group, and thence in a w’esterly 
direction to Bonaventuro Island. To the north, north-east, and north-west of this 
line the water deepcuis suddenly, and perhaps even precipitously. To the south 
and south-west of tliis line the water is shallow, and never exceeds 50 fathoms in 
depth. Principal Dawson su;jgosts that possibly the Siibcarbouiferoiis limestone 
(of which the Magdalen Islands are composed, and which appears again on the 
main shore in Bonaventure County and elst*whcre) may crop up under the sea 
in this shallow area. The line of shallow soundings may form a natural harrier to 
those arctic currents, if there be such, which sweep down the straits of Belle Isle 
in a south-we.-torly direction, and may detlect their course in a bold curve into 
and up the river St. La’svrenrc. In the same way this line may form the sepa- 
ration between a purely arctic fauna and one of a more southern character. 

The species whic h holoiig e\eliisi\ely to the deep sea in Canada have a decidedly 
Hcnndimu ian aspect. IMost of the specimens collected, which are new to the 
American side of the Atlantic, arc well-known Norwegian, Spitzbergen, or Scotch 
species. 

It is proposed to continue these investigations through the present summer, the 
Canadian (Jovornmciit hu^ing voted a small sum of money to defray the expenses 
of the expedition. 


Anatoiy and Physiologt. 

Aflilrcfis to the DrjKfvtmcnt of Anatomif and Physiology, 

By Profo‘'sor Bukdon Sanderson, P . ll . S , 

AVe arc mot lierc for the purpose of hearing papers on Anatomy and Physiology, 
It would not have been inappropriate to have gi\en }ou some account of the limits 
of the two very distinct sciences which are so designated ; but ns I am anxious to 
occupy your time for as short a period as possible, 1 shall content myself with 
saving that the few observations I have to make will have reference only to the 
SCI cnee to which I am iiivsclf attached. 1 make tliis preliminaiy explanation, for 
Ihe positions of the tuo M-iences in England are so diUcrenl that'mutdi that I may 
sfiy about l*liysioh)gy is not applicable to Anatomy. 

1 should have been glad if it had been po.<siblc to have occupied tlie time in 
giving you a retrospective acc ount of the pi'ogress of physiological research during 
the past year. 1 had intended to do so. but was led to abandon my intentions on the 
ground that although the work dtuie has not been inconsiderable, w e in England have 
taken very little part in it. If I had attempted the task, I should have been but 
chronicling the doings of our friends in Geimany, avIio are mw holding their own 
scientilic assembly in Leipzig. As I do not "wish to talk about German physio- 
logists to-day, I tind it more agreeable and more encouraging to look forward 
than to look" back; for although "wo English physiologists (I say physiologists 
advisedly, because the anatomists are not in the same position) must admit with 
regret that wo have had Aery little to do wdth the unprecedented development of 
our scii‘noc during the last tw^o decades, we do not intend to continue in the same 
inaclhe condition in future. 

(Jonsideriug that half tlie purpovse of our meeting in this Section is to promote 
the progress of physiology, i do not think I can more properly occupy your time 
than in endeavouring to Vliow in wdiat direction ellbrts must be made" to improve 
its position, and particularly to secure a future more fruitful of substantial results 
tlian the past has been. 

I shall Ibegin by asserting a'^general principle, which, as I go on, I shall endea- 
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vour to justify— that one great reason why nhysioloffical roseaixjh is less success- 
fully pursued in England than we could wisii it to Be, lies in the general want of 
scientific education. In illustration of this position, I shall refer first to tliat 
higher training which is required for the production of scientific workers or 
investigators ; secondly, to what may be called the education of public opinion, by 
the popularizing agency of books and lectures j and, lastly, to the introduction 
of Natural Science as an element of education in our great schools and uni- 
versities. 

If a man wants to be a physiologist he must, as things at present stand, study 
medicine. There is no logical reason for this ; for although medicine ought to be 
built on physiology, there is no reason why a physiologist should know any thing 
about the art of curing diseases. Practically, however, it is the case that the kind 
of education which a man requires in order to bo n physiologist is best obtained 
through a course of medical study. I confess myself to be of the opinion that this 
close relation between medicine and physiology is likely to be a pennaneut one, on 
the general ground that any science is likely to be studied with more earnestness 
by those who have to practise an art founded upon it than by others. For example, 
in England there can bo little doubt that it is to our preeminence over all countries 
in the mechanical arts that our possession of exceptionally great men in the phy- 
sical sciences on which those arts are built is due. The reason why the same sort 
of beneficial reaction of art upon science has not manifested itself in our own 
sphere is, that the connexion between the two, i. e. between physiology and medi- 
cine, is much less substantial. Wo physiologists are not yet in a position to advise 
the doctors, and they, resting on the more reliable teaching of experience, arc quite 
willing to do without us. 

If I am right in supposing that the pursuit of physiological research will always 
be closely connected with medical study, it becomes a matter of interest to us to 
know in how far the existing institutions for teaching are fitted for the training of 
scientific men. 

Wo who are personally concerned in tho teaching of mediciiio must, I think, 
admit that, as regards J^lnglisli schools, an ordinary medical course is not a ry 
good preparation for scientific work. The reason of this is that tlio “ medicjil 
SL'iences,'’ as they are called — chemistry, anatomy, and pliysiology — liavo developed 
far too fast for the resources of our schools. Physiology, wliicli twenty years 
ago might (without very flagrant absurdity) liave been called tho handinaid 
medicine, has become a great science quite independent of the art which brought 
her into existence. No longer learning from medicine as she used to do, but based 
entirely on experiment, she claims much closer relationship with the other expe- 
rimental sciences, and particularly with physics and chemistry, than with lier 
parent art. 

Lot us suppose ourselves carried back, say twenty years. Twenty years ago a 
lecture-room, with a gallery for .showiiig preparations under the microscope, wjis 
all that was thought necessary for teaching physiology, even in the best appointed 
schools ; but then how different was that time from tho present as regards the 
position of the science. I can only refer to one or two of the directions in which 
progress has been made. Take, for example, the exchange of gases in respiration. 
In 1852 all that we knew on this subject was founded on the imperfect methods and 
anfilyses of the physicist IMagnus. Now Ludwig and his pupils have put us in 
possession of a knowledge which for exactitude may bo compared with that of the 
fundamental facts of physics. In 1852 Ludwig had but lately written his earliest 
papers on arterial pressure, and liad thus, by tho introduction of new methods, in- 
augurated a new era in the physiology of tho mechanical functions, llii Eois-Uoy- 
mond had scarcely begun that scries of researches by which he, like Ludwig, rather 
founded a new science than extended the limits of an old one. In France Brov/n- 
Sequard had discovered the functions of vasomotor nerves, and Bernard tho glyco- 
genic function of the liver. 

Great as was the intrinsic value of all these investigations, it was surpassed by 
that of the influence which they exercised on the future progress of science. How 
rapid that progress has been may be readily judged of by any one who chooses 
to read any of the text-books of twenty years ago in tho light of recent researches. 
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With, tho exception of the somewhat obscure region of what is called animal 
chemistry, every chapter has been rewritten on the sure basis of direct observation 
and experiment — the mechanics of the circulation, the chemical changes in the 
blood and tissues in respiration, the relation between muscular movements and the 
central organs of tho nervous system which preside over them, tho electrical 
changes which go on in nerves and muscles when in and out of action, and, in 
physiological histology, tlie mode of central and peripheral termination of norve- 
libres, and tho anatomy of the lymphatic glands and the mode of origin of the 
absorbent system in the tissues. 

In this great progress one would ratliernot have to admit that Germany has 
done so large a proportion of the work. France, notwithstanding her great 
leaders in science and her great scientific institutions, has accomplished much less 
than she ought to have done. In taking her part, England has been represented by 
us, the teachers in her medical schools; but we, poasessing neither space nor appli- 
ances for the prosecution of exporiuiontal inquiries, have contented ourselves only 
too readily with reaping the fruits of other men’s labours. 

It would not be pleasant to make this admission, were it not possible b'l look 
forward with considerable confidence to sometliing better. In the great medical 
schools of Loudon, in tlie old universities, and in one or two, at least, of tlie pro- 
vincial scliools great efforts are now being made to provide adequate buildings and 
competent persons for tlio experimental leaching and study of physiology. It is, 
I think, a most encouraging sign of the times that tlie initiative in this movement 
lias been taken by Trinity College, Cambridge. That wealthy corporation, whoso 
very name recalls to our recollection the intellectual glones of our country, has con- 
descended to provide a place for physiologists to study and labour in, from which 
(short as the time is during which it has existed) one or two valuable researches 
have already sprung. To what tho Univemity of London has done during the last 
twelve mouths, in establishing a laboratory for inquiries into that most important 
though comparatively new branch of physiology which relates to the origin and 
nature of diseases, it is scarcely possible for me to refer, excepting in so far as to 
express my liope that its iutluenee will eventually be felt in strengthening the hold 
of physiology on practical inodicine. 

Notwithstanding these etlurts, it will take years to regain the position which wo 
in England once had, {uul ought never to have lost. The appliances and pUmes 
for work are now forthcoming, and can bo extended as they are required. This is a 
great step forwards ; but we still want tlio pecuniary resources requisite for carry- 
ing out systematic and coiiliiiuoiis researches, and, above all, we have still "to 
educate workers. 

Of tho two wants I have mentioned, the want of money and the want of 
workers, the second is the most important. The dilliculties which lie in our wav 
in this respect arc very great indeed. Tlie obvious dillicully — the objection, 1 
mean — which is always adduced by young men as asullicient reason for not giving 
up their time to scieidific research is that it docs not pay ; but it need scarcely be 
said tliat tho real ditliculty is a more general one. It lies in that practical ten- 
dency of the national mind which leads us Englishmen to underrate or depreciate 
any kind of knowledge which docs not minister directly to personal comfort or 
advantage, a tendency whicli was embodied in the ])hilosophy of Bacon, and has 
been thought by some to constitute its great weakness. 1 have no doubt there 
are as many in England as in Germany who would not be deterred by the prospect 
of comparative poverty, wliich in every counlrv must bo tho part of tliose who 
devote themselves to abstract science ; but there are very few wlio have the courage 
and resolution to follow this course in spite of a public opinion, which estimates 
science on utilitarian principles. 

This leads mo naturally to my second point, which is tliat the most efficient 
means we can take to improve the position of our science in England are those 
which have for their object the cnliglitenment of public opinion, and that this is 
to be eflected partly by diffusing this knowledge of our labours among the public, 
and so inducing them to take an interest in them, partly by introducing training in 
physical science into .our schools. 

lu the art of exposition, ie, of inaldng difficult subjects piftin, we have one 
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among us who is a master — whose powers in this respect have been acknowledged, 
not only in England, but in France, and still more emphatically in Germany. Ilis 
work on elementary pliysiology has been presented to the German public by one of 
the leading German physiologists (who is himself a model of clearness of style), 
■who tells his countrymen in his preface that no German writer could expound 
the experimental facts which aro the basis of physiological knowledge as 
ITiixley can. 

In the existence of such a man as Huxley I find a great source of eiicouragemeut 
for the future of Jhiglish physiology, not only on account of his own work, largo 
though that has been (for no one builder can lay many bricks in an edifice 
where every brick requires such careful laying), but also for his influence on 
national life. 

At one time I confess that I w^as disposed to underrate the value of popularizing 
science; now I see the power of exposition to be a great power for good. "Wo 
have an example of the good it eilects in the history of tliis Association, We have 
another in that of the lloval lustitutiou, which has lately been made familiar to 
us by the accounts which ’liavo been given of that great and good man who for so 
many years was its life. Faraday, the p*eatest physicist of his time, was equally 
master of the art of exposition. Of the influence which his mind thereby exercised 
on the minds of men, women, and children there can be no doubt. Nor do 
I think that he lost by it himself; for although we cannot suppose that he tauglit 
without some exhaustion of his energies, 1 cannot believe tliat the effort was a 
useless one even to liimself. 

One would not venture to say of such a man that, in explaining to children the 
fundamental conceptions which in his mind wore already so clear, these became 
still clearer ; but I think it may bo so. 

I pass at once to the third part of my position, that which relates to the 
teaching of science, and particularly physiology, in schools. This I may deal with 
very shortly. 

The teaching must necessarily bo elementary. If it is thorough and genuine, 
it is good. 

To wedge a little bit of llowdlerized physiology, something about the structure 
and functions of the human body, into the ordinary course of a school education 
may be an oniamental addition to it, but can scarcely bo really useful. Our 
reform, if it is to be attempted at all, must be much more complete and radicnl. 
It must consist, not in adding natural .science to the system of instruction in wdiich 
we ourselves and our predecessors were brought up, but in substituting for some of 
the old drudgeries something better and more substantial. 

As regards that higher education which may bo defined as introductory to the 
studies of the University, most people are now disposed to recognize that there 
exists at the present clay a tendency to increase its extent at the expense of its 
thoroughness. On the one hand a pow'crful effort is made by tlie Imtdaiorcs 
tempom acii to maintain the old disciplines ; while on tlie other a general Ihougli 
somewhat vague notion prevails that no system of education can be regarded as 
complete from which science is excluded. To reconcile these antagonistic ten- 
dencies, the only method which has been found is that of addition and accumu- 
lation. Instead of displacing some of (he old requirements, an additional load of 
new subjects has been imposed on the uiifortunatci examinee, in the form of 
chemistry, physics, animal physiology, i^c. No wonder that to the victim who 
has just passed through one of our modern ordeals the very names of these 
sciences are sickening ; for in addition to the disagreeable task of getting them up 
from text-books (text-books, however (ixcellent, aro at beet but very poor 
reading), the competitor, whether successful or not, has the consoling reflection 
that he has been doing treadmill work after all — learning a number of facts and 
laws of great value to the man who is able to possess himself of them, but to him 
rendered absolutely useless from the mode of study to which the present system 
of examinations has compelled him. 

The way to obviate this I have already hinted at. Let it be clearly understood 
that if natural science is to be made a part of our educatiouaL system, it cannot bo 
introduced as an ornamental addition or accomplishment, but as part of the ground- 
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work. To serve as a groundwork, we must admit that physiology and anatomy 
are not adapted. 

The corner-stone must, of course, be mathematics. Side by side with mathe- 
matics the subjects which ought to claim preference are physics and chemistry. 
The latter, when taught and studied experimentally, is specially fitted to cultivate 
that certainty, that convincedness of mind, tliat clear realization of facts seen not 
by the bodily but by tlic intellectual eye, which constitute the scientific spirit. 
A boy who has Jearut to feel the certainty of tlie laws of chemical combination 
can never, so long as he retains his mental soundness, relapse into that state of 
vague inditlerence about facts which characterizes rnnny uneducated persons, or 
lose the habit of exactitude of conception and statement to which lie is compelled 
by practice in chemical reasoning. 

It is clear that anatomy and phvsiology cannot be recommended on the same 
ground; yet 1 believe that it maybe wisely included in ordinary education, not as 
a discipline, and not as a subject of examination, but on the ground that it is so 
usefully applicable to the common ntlairs of life. It is undoubtedly useful that 
every one sliould know something of the structure and functions of his own body; 
and this for s^3^eral reasons ; first, because hois enabled thereby to take better care 
of himself, and to understand how to pn'serve himself by reasonable precautions 
against some of the wcll-recognizcd causes of disease. Another reason is, he is 
thereby rcndertHl not so liable as he would otherwise be to become the dupe of the 
many quackeries which are afloat — more ready to take the advice of the doctor as 
regards the regulation (»f his mode of life, less credulous about the eflicacy of drugs. 

Let us now, in conclusion, say one word as to the influences which the general 
adoption of a system ba-^ed upon scienlilic training would exercise on scientific pro- 
gress, and particularly on the progress of the science in which we arc interesloa. 

I can illustrat(j this best bv taking the medical student as an example. We 
teachers of physiology to medical students know that when we begin first to talk 
to Ihem about" the principles of the subject (c.//. about chemical change as the 
essential condition of nil vital phenomena, about the relation between the pro- 
duction of heat and external motion, about the exchange of gases in respiration, 
and many other fundamental subjects) tlie great diliiculty is that our auditors are 
utterly at fault for want of those conceptions about matter and its powers which 
are expressed by the? words we are constantly using, sncli as solid, liquid, gas, 
vapour, weight, donsit}', volume, <S:c.,all of which to tlie average finished schoolboy 
are perfectly meaningless. The result is that these fundamental conceptions, not 
having been mastered at first, are not mastered at all, and the student begins to build 
the superstructure without having had any opportunity of laying the foundation. 
If the Vorbildwif/ wore dirterent,if students were to come to their work with the 
scientific habit of mind already formed, it would not only make them better 
Kludeiits, but would retain its iulliioiice on them through life. Tlie details might 
fade from the memorv, but the spirit would remain. 

I trust that it will not appear to the members of the Section that I have, in any 
of the obs(‘rvations I liavo made, forgotten tliat the object for wliich we are 
assembled here is the promotion of the science of anatomy and pliysiology. 
Altlioiigh I cannot claim for our science a more direct interest in scientific training 
than for others, there ar(' reasons (as I have endeavoured to show) why it suflers 
more from the want of it than others— the chief ojn^ being that, as compared 
with wliat we feel and know to be its real importance to the future 'welfare 
of humanity, the practical beneiits which immediately arise from it arc not very 
obvious. 

1 lune said very little indeed of another pressing diflicnlty which we have now 
and, I believe, will have for many years to contend with — the want of pecuniary 
resources ; because I know that in this country if educated public opinion can bo 
interested on behalf of any scientific object, and ])articulaiiy if the intelligent 
classes of the community can be shown, on good ground, that the furtherance of 
abstract science is a mutter of vital importance to our national existence, the 
really trilling public expenditure which would be required to enable us to compete 
at least on equal terms with Germany, Austria, Bavaria, and Russia will at once be 
forthcoming. 
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In the mean time it is the function and duty of all who have the means and are 
interested in scientific progress, and especially of us, the members of this Section of 
the British Association, to afford such aid as we can to those who, supported by 
their own enthusiasm rather than by the prospect of honour or emolument, are 
willing to devote their lives to physiological and anatomical researches. 


On the Arrangement and Nomenclature of the Lobes of the Liver in Mammalia, 
Bij Prof, W. H. Flowkr, FAS, 

The descriptions of the livers of vaiious animals to be met with in treatises or 
memoirs on comparative anatomy are generally very difhcult to understand for 
want of a uniform system of noinenclatiiro. The present communication, wliich 
endeavours to supply such a system (and was illustrated at the Meeting by a hirgo 
series of coloured diagrams), is based upon an examination of tlie condition of the 
organ in examples of every important subdivision of the class. The difficulty 
usually met with arises from the circumstance of the liver being divided some- 
times, as in man, ruminants, and the cetacea, into two main lobes, which have 
always been called respectively right and left ; and in other cases, as tho lower 
monkeys, carnivora, rodeiitia, &c., into a larger number of lobes. Among tho 
latter, the primary division usually appears at first sight to he tripartite, the whole 
organ consisting of a middle, called cystic’’ or suspensory^’ lobe, and two 
lateral lobes, called respectively right and left lobes. This introduces confusion in 
describing livers by the same terms throughout the whole series of mammals, as 
the right and left lobes of the monkey or dog, for instance, do not correspond with 
the parts designated by the same names iti man and the sheep. There are, more- 
over, conditions in which neither the bipartite nor tho tiipartite system of nomen- 
clature will answer, whicli we should have considerable difficulty in describing 
without some more general system. 

It appears desirable to consider all livers as primarily divided by the umbilical 
vein into two segments, right and loft. This corresponds with its devolopuient, 
and with the condition characteristic of tlie organ in the inferior classes of 
vertebrates. Tho position of this division can almost always be recognized in 
adult animals by the persistence of some traces of the umbilical vein in the form of 
the round ligament, and by the position of tho suspensory ligament. 

When the two main parts into which the liver is thus divided are entire, they 
may be spoken of as the right and left lobes ; wdien fissured, as the right and left 
segments of the liver, reserving the term lobe for the subdivisions. This will 
involve no ambiguity, for the terms right and left lobes will no longer bo used for 
divisions of the more complex form of liver. 

In the large majority of mammals each segment is further divided by a ffsMuro, 
more or less deep, extending from the free towards the attached border, which 
the author proposed to call right and left lateral fissures. When these are more deeply 
cut than the umbilical fissure, the organ has that tripartite or trofoil-iike form just 
spoken of, the part between them being the so-cnlled middle, cystic, or suspensory 
lobe. These terms the author proposed to discontinue, and to institute right central 
and left central for the two regions included between the umbilical and the two 
lateral fissures, and to use right lateral and left lateral for the regions beyond the 
lateral fissures. The essentially bipartite cliarnctcr of the organ, and the uni- 
formity of its construction throughout the class, is thus not lost sight of, even in 
the most complex forms. 

The left segment of the liver is rarely complicated to any further extent, except 
in some cases by' minor or secondary fissures marking off small lobules, generally 
inconstant and irregular, and never worthy of any special designation. The prin- 
cipal differences to be noted depend on the degree of completeness of the lateral 
fissures (which sometimes extend (juite across the hepatic tissue, completely severing 
the left lateral lobe) and the relative size of the two lobes. 

On the other hand, the right segment is usually more complex. The right 
lateral fissure when fully developed passes into the right extremity of the portal 
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fissure. The right central lobe, therefore, on its under surface does not roach to 
the attached border of the liver, but is always bounded in that direction by the 
portal fissure. Moreover, the gall-bladder when present is always in relation to 
its under surface. The position of this receptacle with respect to the lobe may 
vary ; sometimes it is merely applied to its surface, loosely connected by con- 
nective tissue; in other cases it is deeply imbedded in a fossa. Very often it is 
placed near the middle of tho lobe ; sometimes close to one or the other of its 
lateral boundaries. In many cases the fossa in which tho gall-bladder is sunk is 
continued to the free margin of the liver as an indent, or even a tolerably deep 
fissure. This is called the cystic fissure ; but, in consei^uence of its iiregularity 
of position and frequent absence, it is not of the same importance as the other 
fissures which have been named, and does not mark off any distinct divisions of 
hepatic substance. 

The right lateral lobe always has the great vena cava either grooving its surface 
or tunnelling through its substance near the inner or left end of its attached border; 
and a prolongation to the left, between the vein and the portal fissure, Ms long 
been Known under the name of tho Spiijelian lohc. This is always a distinct 
hepatic region, sometimes a mere narrow fiat traek, but more often a prominent 
tongue-shaped process. Whatever may be its form, it is boimded iu front, or 
towards the free siirfitce of the liver, by the portal fissure ; ou the left by the 
fissure of the ductus venosiis (unless tlic vessel is bridged over b}' hepatic "sub- 
stance) ; posteriorly and partially on the right bv tho vena cava, but between this 
vessel and the right end of the portal fissure it is continued onwards into the ad- 
joining part of the right lateral lobe. 

The main body of the right lateral lobe is most commonly divided into tw'o 
parts, not by a cleft, such as tho lateral fissures, passing from the upper to the 
lower surface of the liver, but by one wdiich severs a part off from the under 
surface. This is the caudate lobe ; and the fissure which separates it from the right 
lateral lobe may be called the “ fissure of the caudate lobe.” In mau it is almost 
obsolete ; but in most mammals it is of very considerable magnitude, and has very 
constant and characteristic relations. It is comierted by an istliiuus at the left 
(narrowest or attached end) to the Spigelian lobe, behind which isthmus the vena 
cava is always in relation to it, channelling through or grooving its surface. It 
generally has a pointed apex, and is deeply hollowed to receive the right kidney, 
to tho upper and inner .side of which it is applied 


0)1 Pahe-Bate and the Forces mluch vary it. By A. H. Gakrod. 

Tho number of the hoavt’.s beats can bo proved to depend on variations in tho 
resistance ollered to the tlow of blood through the small arteries, and not at all on 
the blood-pressure. Toiseuillc showed that tlio fiow of fluids through capillary 
lubes varies directly as tlio pressure. hVoiu these facts it can be proved that to 
maintain a uniform circulation, siicli as the systemic, it is essential that the capa- 
city of the arterial system, including the Inuirt, must vary directly as the blood- 
pressure ; aud tliereforo it is necessary that the heart ahvays recommences to beat 
when the tension or pressure of the blood has fallen a certain invariable proportion, 
and then only. Tho known variations in pulse-frequency in health are all 
explicable on this supposition, for they can be proved to be caused by modifications 
in the arterial peripheral resistance ; thus while standing tho hody^ weight is 
supported by rigid tissues, but while lying soft parts are compressed, and therefore 
resistance is introduced. The next point considered is tho cardiograph law of the 
author ; and an (wplnnation is given of its significance, which leads to the results 
that the nutrition of the heart varies directly as the blood-pressure and as tho 
square root of the time of nutrition. Keasons are also given to show that the 
cardiac revolution must bo divided into three instead of two parts, — first, systole ; 
lU'xt, diaspasis, or the valve clo.sur 0 interval ; and, lastly, the diastole. 


^ For a figure explanatory of the above papier, seo ‘ Natures’ Aug. 2t)th, 1872. 
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Tlie Concurrent Contemporaneous Progress of Itcnovatlon and ]Vi(sie in Ani^ 
mated Frames, and the extent to udncJi such Operations are controllable hj 
Artificial Means. By George Harris, F.S.A., Vice-President of the 
Anthropological Institute, 

The writer, after throwing out a suggestion as to what a perfect system of 
pathology might be expected to comprehend in a precise and complete knowledge 
of the cause of each disease, and also the coiinteracling remedy to be applied for 
its cure, proceeded to remark that con*espouding questions arose with regard to 
renovation and w^aste, as to whether the causes which ali’ect them are capable of 
control, although wo arc unacquainted with many of them, or whetluir they are 
such as to be entirely beyond control. Tie adverted to the ascertained fact or the 
progress of renovation and waste in all animated frames, as also to the circumstance 
that certain of these operations were known to be controllable. lie analyzed the 
principle of waste and decay in different bodies, both substantial aiul liquid, and 
observed that the fact of bodies being animated did not exeiupt them from the 
laws of nature. Extraordinary longevity had been attributed to certain wild 
animals ; and it was remarkable that they were stTdom found in a state (ff de- 
crepitude from old age. Savages derived from obser\ation of wild animals the 
medicinal properties of many plants and springs. Ossification of the bones and 
deterioration of the blood had been considered uy Jhiffon"*^ and Smcdlet to be the 
main causes of waste and decay in animated frames. The opinions of Galen, AVillis, 
Hunter, and other authorities, ancient and recent, were cited. The writer then 
proceeded to contend that, as the causes both of renovation and wjuste in certain 
bodies are ascertained and arc subject to contiol, these causes may be botli ascer- 
tained and subjected to control in many other ca.ses also, if not univei^aUy, and 
in frames which are animate as well as those wliich are inanimate. If you can 
retard waste of the same iiatme with ossification, you can retard ossi(ic,*ation aEo ; 
and if you can retard ossification to a limited degree, according to our pre.-ent 
limited means and knowledge, when that meanH and Idiowledgc becomi^ more ex- 
tended, your power to control waste must necessarily be to a corresponding degree 
extended as well. So also os regards the condition of the blood, and our control 
over that condition. As science ad\ ances those causes may be better understood, and 
the properties of various substances to control them at length perfectly ascertained. 
He recommended experiments of various kinds as to the nature of substances and 
their effect on bodies, animate as well as inanimate, and with regard to animals and 
plants as well as man, as essential to solve this great problem satisfactorily. 


On the Mechanism of the Change of Colour in Fishes and Crvstatea, 

By M, G. PouciiKT. 

As is already well known, the change of colour is duo to tlio change in size (»f 
contractile coloured cells placed in the skin. These arc under the infin(‘n<*o t)f 
nerves. The author found that the particular uei^es controlling them (in tlio 
turbot) were nerves of the sympathetic. By cutting tlie ller^e suppl}ing a par- 
ticular area of the skin, ho had been enabled to retain that area iincliaiiged in 
colour, whilst the rest changed according as the fish found itself on a light or a dark 
surface. That the eye is the means by which the change in its coiidilions is com- 
municated to the fii^h or crustacean, and that then a reflex action takes place, acting 
through the sympathetic neiwes on the colour-cells of cliromatophors, is prove<l by 
the fact that when the animal experimented on is blinded, no furtln r cliange of colour 
occurs when it is removed from light to dark or dark to light siirrouiulings. 


On the Mechanism of Muscxdar Coniruciiotu By Dr. Badclute, F.B.S. 


* Ilistoire Naturellc do Tllomme, 


t Philosophy of Natural History, p. 500. 
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Oil the Graft Theory of Disease, 

By James llos.-;, M,D.^ Waterfooi, near Neivchurcli, 

'riio iM^tive part of virulent fluids lias been proved by the experiments of Prof. 
Ohauveau and those of Dr. Ihirdoii Sanderson to reside in particles not larger than 
auodi) of an incli in diameter. Those particles are admitted to be living; and 
the question arises whether they form a race of independent beings like Bacteria, 
or are merely modifications of the organism from which they have become detached. 
I'lio former view constitutes the basis of what is called tlie germ-tlnniry of disease, 
while the latter view is adopted here ; and this constitutes at once the founds and 
the justification of the title — the Graft Theory of Dhease. In the absence of 
direct exp eri mental evidence to decide between these difforent opinions, our only 
alternative is to develop as much as possible the indirect evidence. On the sup- 
position that the contagion particles are merely modified portions detached from 
a living organism, there is a close similarity between them and the reproductive 
particles. Dolli stds of particles are merely modi tied epitlielial cells; tliey also 
become detiiclied because the supply of nourishment fails them, and both are 
characterized by being unspecialized. In the reproductive particles there is a 
union between two particles detached or stmiidetached ; but in the CcKe of the 
genesis of a contagious disease there is a union betwt^oii a distinct individual and a 
detached portion of another individual. In this resp(*ct, therefore, the analogy 
fails. Jhit the plienomena of ^ cgetablo grafting agree oven in this respect with 
tlioso of the contagious diseases. Dr. Masters says tliat ‘‘ cases have been observed 
where from lh(‘, stock below the graft fruits and flowers of the same appearance as 
those borne on the seinn have made their appearance.” Again, Mr. l).u*win says 
that ‘‘wlum tin* variegal(>d jessamine is budded on tlie common kind the stock 
sometimes produces buds bearing variegated leaves.” This shows that the scion 
allects the stv)ck not only at the point of contact, but that it communicates to it a 
changt* which manifests itself throughout the entir»i organism of the latter; and 
this is one of tlic most ivmarkabh* features of contagious diseases. 

Jhit if virulent fluids are merely modifications of healthy tissues, the effects 
produc(*d by tliom up*)!! another organism should correspond in certain leading 
particulars to those ot other morbid tissues. If we compare the primary pustule in 
inoculated smnllpov with the pu4ule caused by tartar-ometic ointment, we shall 
iiinl that they go througli a more or less similar evolulion, An areola, or iullam- 
matory ring, surrounds them, which is large and well-marked in the former, but 
is also present in a minor degr<*e in tin* latter. The former can bo communicated 
by inoculation to a healthy individual, but ordinary iiifiammation has also been 
communicated in a similar manner. The lymphatic glands in the vicinity of the 
sinallpox-puslub; bi'come swelled, but this is only wliat occurs in the* case of 
almost all local disea^ses; and the character of the glandular affection always cor- 
responds with the local disease which has excited it. This is well seen in syphilis, 
tubercle, and cancer. The lymphatic enlargement in smallpox, therefore, presents 
no peeiiliarity which does not occur in other diseases ; but in other diseases, such as 
pyjcmia, tubercle, and canoer, secondary aflections oc'cur in the lungs, liver, and 
internal organs generally. 'J'he secondary affection in inoculated smallpox, liow- 
evev, takes place on the surface of the hotly. This is probabl}" owing to the special 
atllnith's of tlu! tissues for special .substances. It is also necessary in all highly 
contagious diseases that li\ing particles should be detached in large numbers from 
tlio body ; hence secondary affections must occur in such diseas(‘S on either the 
external or internal surfiwe of the body, otherwise the disease would die out. The 
fever is not, of course, peculiar to smallpox ; it is always an accompaniment of 
rapid tissue changes; and the fever is higher in smallpox and the contagions 
diseases generally, just because there is more rapid coll-muliiplicatioii throughout 
the hodv. Such changCvS moan an augmentation of the molecular forces devoted to 
growth at the expense of those devoted to structure and function, and what is not 
expended in the latter goes to the genesis of bent. Ihit rapid cell-multiplication 
involves other morphological chaiige.s : these are diminished hulk of units, disap- 
pearance of cell-wall, and discontinuous growth; and such arc proved to he tho 
characteristics of virulent Iluids. ymallpo.\ has, therefore, a close affinity with 
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those diseases wliicli arise within the body from ordinary changes in the environ- 
ment ; and this is equally true of the other zymotic diseases. ^ On the other hand 
it might easily bo shown that they have very little affinity with the true parasitic 
diseases. All these considerations tend to show that the germ-theory is inapplicable 
to the zymotic diseases. 


The Cause of the Respiratory Variations of Arterial Pressure, By Dr. Buk- 

i)ON Sandekson, Professor of Practical Physioloijy, University Col'’ 

leyCy London, 

The pni’poso of this paper was to show experimentally that the rhvthmical 
variations of arterial pressure, and of the frequency of the contractions of the heart, 
which are normally associated with the respiratory movements, may occur in the 
absence of those movements, and that they cannot therefore be wholly dependent 
upon them. This is proved by the observ«ation that in animals which are gradually 
subjected to the toxic action of curare while the variations of arterial pressure and 
pulse-rate are continuously recorded on the kymograph, these variations persist 
after the respiratory movements have ceasc'd. 

The experimental results which form the subject of this comniiinication were 
obtained by the author in the year 1807. They are now published for the first time, 
by way of supplement to certain recently published observations of Prof. Hcring 
on the subject. 

The normal relation between the curve of arterial pressure and tliat of tlioracic 
expansion and contraction is now well known. In tlie dog each inspiratory act is 
followed by an increase of arterial pressure with acceleration of the frequency of 
the contractions of the heart. During the period of expiration, i. e. the interval 
which separates one inspiration from its successor, the arterial pressure sinks and 
the pulse becomes much less frequent. In both cases the phenomena relating to 
the circulation always occur later than the coiTcsponding respiratory moveraeuts j 
so that, c. </., the period of increase of arterial pressure and pulse-frequency always 
begins and ends later than inspiration, coinciding usually in the d(^g with the latter 
half or two thirds of the inspiratory act and the beginning of the act of expiration. 
Hence the interval between each such period and its successor coincides with the 
latter part of the expiratory period and the beginning of inspiration, i. c. begins a 
little after each expiration and lasts after the beginning of each inspiration. In a 
dog previously narcotized by morphia it is possible, by employing a very small dose 
of curare, to arrest the respiratory movements by such slow degrees that the ellect 
of their gradual cessation on the variations of arterial pressure may be watched in 
all its stages. For this purpose it is necessary before injecting the curare to connect 
the carotid or crural artery of the animal with the manometer of the kymograph, 
and to record the respiratory movements simultaneously on the same cyiimler in 
such a way that the two tracings may he w^ritten one above the other, and that 
their synchronous points may he always in the same vertical line. Tracings so 
obtained corresponding to various stages in the action of the curare were exhibited. 
The first showed the character of the arterial and respiratory curves, and their 
relation to each other before any curare had been given. The second exhibited the 
state of the circulation when the respiratory movements, although irregular, were 
still vigorous. At the third period the respiratory movements had become very 
shallow, and there was a distinct interval between inspiration and expiration : the 
inspiratoiy effort was then attended with a slight twitching of the external muscles 
of the laiynx, and expiration with a similar twitching of certain muscles of the limbs. 
Finally, m the last tracing of the series it was seen that, although the effect of the 
expiratory effort was no longer perceptible, there was a slight jerk downwards of the 
lever which represented inspiration. 

Corresponding to these successive diminutions of respiratory movements, it was 
seen that the variations of arterial pressure, although they diminished, did not dis- 
appear. Throughout the whole period of observation it was observed not only that 
tiio variations of pressure and pulse-rate continued, but that they preserved the 
same relation precisely to the slight movements which represented inspiration and 
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expiration. After these mOYemonts hod entirely ceased they still preserved the 
same character and rliythm. ' • 

From the fact thus proved tUartRe rhjHhmical variations of arterial pressure and 
pulse-frequency pi'rsist in the curarized animal after the respiratory movements have 
ceased, the author concludes that these movements cannot be regarded as their 
cniiso,* and he regards them both as attributable to rhythmical motor impulses 
originating from the medulla oblongata, in which the three centres which preside 
ov(‘r the respiratory movements and those of the circulation alike participate, viz, 
the centre of the cardiac vagus, the respiratory centre, and the vasomotor centre. 
He supposes that with (jacli period of increased activity of the inspiratory centre a 
period of increased activity of the vasomotor centre coincides, and that both of these 
centres act antagonistically to the centre of the (‘ardiac vagus. Each rhythmical 
excitation of the respiratory ctmtre determines corresponding excitation of tho 
vasomotor centre, Avhich mnnifosts itself in increase of arterial pressure and suspen- 
sion of the activity of tho cardiac vagus. 

The author aclliercs to the conclusion arrived at fiom his previous experiments 
(Phil. Trans. 1H(58)^ that in tho dog tho rc'^piratorv movements of the chest exercise 
a considerable direc't and nieclianical intiiiencc on the heart, and thereby on the 
arterial pressure. 


Kvpei'imenifi reVding ft the Coagulation of the BlootL By E. A. Schafer. 

Ill the course of a stules of experiments upon the coagulability of frog s blood, 
performed in the JMiysiological Laboratory of University College, the author 
ob'^erved tho following facts : — 

J’he blood of the frog fn^queiitly exhibits, especially during the winter months, 
but a very slight tendency to coagulate, so much so, tbit when drawn it not unfre- 
quently remains completely liquid, with the exception of a film in immediate 
contact with the sides of tlie gbiss vessel. Ou standing such blood soon separates 
into two layers, tho upper a clear plasma, the lower a m.oss of corpuscles. If 
undisturbed the blood may remain in this condition an indefinite time without 
iiiulergoing coagulation ; although if a little of the clear supernatant liquid be taken 
up into a very tine gltuss tube it speedily solidities, owing to the large relative 
amount of suri’ace to which it is exposed. 

In a few cases, on tho other liand, tho blood when clrami coagulates tbrougliout. 
If examined after a few hours it may appear as if coagulation had not occurred at 
all, since we have tho vesstd tilh*d, as before, with Iluid blood separated into two 
strata. In those cases, however, the clear supernatant liquid yields no further 
coagulum in a tine glass tube, thus showing that it contains no lihrin in solution, 
{, e. that it is sprum\ not plasma; besides, the contracted remains of the clot may 
always bo found. The appearance of rcliqucfnclioii of tlie blood here presented is 
duo entindy to tho astonishing amount of contraction which the fibiiii undergoes, 
the result of this contraction being that not only the scrum but even the corpuscles 
themselves are expressed from its meshes ♦. 

That the diminution in hulk of tho clot (which may proceed to such an extent as 
to leave hut a slight trace) is due to this cause only, "and not to a ndiqnefaction of 
fibrin, as v. Kecklingliauseii supposed, is shown by thefiict that when the primary 
coagulation is complete no further coagulum is obtainable from the scrum, even 
under the most favourable circumstances. 

But there is a source of error to guard against. The blood may appear to have 
coagulated throughout, when all the while its central portions may not liavo par- 
ti(‘ipat(‘d ; indeed this occurs in the majority of cases. It is easy to see that, under 
such circumstances, when the fibrin contracts the serum which is expressed will 
linve mixed with it a greater or less amount of liquor sanguinis, and hence will bo 
found to be cougulable. 

’’Phis process may readily bo observed inicroscopically as it occurs in a very thin- 
walled capillary tube. An immersion objective should be used for Ibe purpose of 
observation. 
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On tliQ Nonn.ll an I Abnormal Growth o/Limnaeus. 
By Professor Carl Server. 


On the Ocmrrence of the Snjyracondylokl Process in Man, 

By Prof. Spruthers, of Aberdeen, 

The author showed dissections of this part in several animals. An arch of bone 
is thrown, like a bridge, over the great nerve, and generally also the ^reat artery 
of the limb, a little above the elbow, protecting them from pressure and injury. No 
such structure exists normally in the human arm, but it occurs occasionally as a 
variation. When it exists, the process grows from exactly the same spot as in 
animals which possess it, and the arch is completed by a ligament, the nerve and 
generally also the artery passing under the arch. Tliis variety had attracted 
some notice lately, and is supposed to be very rare ; but the author has found it 
often, and he exhibited a large number of specimens of it from the human arm, in 
its various degrees of development, lie had also met with it occasionally in tlie 
living body, and had lately been able to prove the correctness of his previous sup- 
position that it may bo hereditary, having met with it in the members of a family, 
m the father and in four sons. The author remarked on the great interest attach- 
ing to this variation. In animals which possess it, it is what, in olden phra- 
seology, would be called a contrivance specially designed for the protection of the 
nerve m them. But why should the same contrivance occur ns a variety in man P 
The old argument from final cause, and no less its successor the theory of type,” be- 
sides being metaphysical, become untenable in the face of the existence of these rudi- 
mentary structures. The theory of so-called type has a great deni to answer for 
in obscuring the natural interpretation. If species are of independent origin, how 
comes it that animals have in their bodies parts of other animals, parts which are 
of no use to them, sometimes even dangerous to them 'f To those who are able to 
overcome the prejudices of their early education, the eiidence comes with irresistible 
force in support of tlie hypothesis of the origin of species by evolution. 


On the Sternum and Pelvic Bone in the lliylit Whale and in Great Fin- 
Whales. By Prof. SniUTHKiis, M.I). 

The sternum exhibited showed a very different form from that of the same species 
of Fin-Whale wlii(;h Prof. Struthers liad brought under the notice of the Associa- 
tion last year. Instead of a single median cervical process, it has a deep median 
notch with a broad crest on each side, and the posterior process is very narrow. 
Two sterna of the (Greenland llight Wliale exhibited were large. The author 
divides tlie sternum into three parts. The middle, between the lirst ribs, is thick, 
completing the thoracic girdle, and essential ; the part in front of this and tin; 
part behind it vairy greatly, biuiig more or h ss rudimentaiy. 'Die sternum of the 
Fianer has two joints with the first rib, that of the Right Whale only one joint; 
and this difference in the thoracic adaptation, together with the great breadth of 
the first rib in the Right Whale, might explain the very different forms presented 
by this bone in these two kinds of whales. 

One of these breast-bones exhibited marks of former inflammation of the bones. 
The author mentioned that he had often met with this condition in whales ; in some 
cases ankylosis of the vertebrm had resulted, and in .some there must have betm 
considerable suilering to tlie animal. This fact miglit be commeiid('d to tlio notice* 
of those, if there be yet jiiiy such, who have the notion that disease occurs in animals 
only when they come under the influence of man. 


On the Occurrence of Fin yer-muscles in the Bottle-nose Whale (Tlyporoodon 
bidens). By Prof. Sxrutiiehs, MJ). 

This bottle-nose stranded on the Aberdccnsliiro coast just after the Meeting of 
the Association last year at Edinbin:gh, at which the autllor read aii account of the 
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fin^er-muacies in the great Fin- Whale, first noticed by Prof. Flower. It had been 
believed that these muscles do not exist in the toothed whales ; but in this bottle- 
nose they were even better developed than in the Finner. The extensor muscles 
especially were better marked, the external extensor, corresponding to the so-c£^ed 
extensor of the little finger of man, being also present. An extensor carpi radialis 
was also present. Besides the muscles which are known to exist at the shoulder 
and arm in the Cetacea, he found a representative of the biceps present here. These 
muscles were mainly to be regarded as rudimentary, but they had a certain low 
amount of function by which their presence as muscles is maintained. In some 
other cetaceans they are represented entirely by fibrous tissue. Prof. Struthera 
exhibited also a dissection of the rudimentary teeth concealed in the gum of this 
bottle-nose. These teeth are alive, but useless, and their presence could be rea- 
sonably interpreted only by the hypothesis of evolution. 


Anthropology. 

Address to the Department of Anthropology, 

By Colonel A. Lane Fox., F,G,S,y F,S,A, 

When the Council of this Association did me the honour of naming me one of the 
Vice-Presidents for this Section, and the duty of opening the proceedings of this 
Department was committed to my’charge, I had before me two alternatives, which, 
I suppose, must have suggested themselves to most of those who have occupied the 
Chair which I so unworthily fill upon the present occasion. I had to consider 
whether T should prepare a commumcation upon some special branch of study to 
which I had devoted my attention, or taking a broader and more general view of 
anthropological science as a whole, I should endeavour to ofier a few remarks which 
might oe useful in clearing the ground for the valuable and interesting papers which 
wifi be presented to you in the course of the session. 

In partly adopting the latter or more general course, which I may say is the one 
that is least congenial to me, on account of my conscious inability to deal satisfac- 
torily with so large a subject, and also because I think that in the present state of 
our knowledge we are better employed in collecting evidence than in generalizing, 
I have been influenced chiefly by a consideration of the many and great defects 
which have been acknowledged to exist in our method of proceeding in this depart- 
ment of science — defects which are, I believe, the natural concomitants of the early 
stage of development through which we are passing, but which we must set our 
faces seriously to encounter before we can hope that anthropology will be fairly 
admitted into the brotherhood of the established sciences \^ich axe recognized 
under the auspices of this Association. 

When towards the conclusion of the last Meeting at Edinburgh one of the ladies 
present drew attention to the generally unscientific character of the papers which 
had been read, she, I believe, said no more than was strictly applicable, not only to 
that particular Meeting, but to upwards of two thirds of the papers which are in- 
cluded under the head of anthropology elsewhere j and here I may observe that if 
no other benefit were recognized from the participation of the other sex in our dis- 
cussions, we should find in it a source from which home truths of this nature can 
emanate without their setting our backs up. In making these remarks I am con- 
scious that I am halting the lash which may perhaps with some justice be applied to 
your Chairman on the present occasion. I cannot, however, claim any special ex- 
emption, but must share with my brother anthropologists any censure which may 
be Justly due to our shortcomings. 

The ladies must not, however, be too severe upon us in this department, but 
must make allowance for the empiricism which is naturally attendant upon a new 
study ; for the anthropology of to-day bears, I believe, about the same relationship 
to the anthropology of the future that alchemy and ^trology did to the chemistry 
and astronomy of oUr own times. • We have established none of the landmarks, 
the classifications, or the nomenclature which in other sciences serve to keep the 
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discussions within bounds, and direct the thoughts of the workers into useful chan- 
nels. Anthropology is such a vast held of study, it is so impossible for any single 
mind to comprehend the whole with the precision that is necessary for scientific 
purposes, that it demands more than any other the subdivisions that are recognized 
in the sister sciences, but which at the present time are absent in ours. Hence the 
random range of our discussions ; each speaker naturally wanders into the path that 
is most familiar to him, and there is no sufficient discipline to bring him oack into 
the line of march. 

Moreover, in dealing with anthropological subjects we are met with difficulties 
arising from their closeness relatively to ourselves. The same impediment which 
in the eye of the law incapacitates a man from judging or even from giving an 
impartial evidence in his own case meets us at every turn. It is comparatively easy 
to generalize when dealing with external nature ; but when the materials on which 
we have to work are drawn from the reservoir of human thoughts and actions, we 
cannot disengage ourselves sufficiently to take a comprehensive view of the subjects 
we are studying. I presume that even the ablest amongst us must labour uncler a 
sense of incapacity in dealing with anthropological speculations. We may be said 
to stand in the position of molecules of paint upon the surface of a picture striving 
to catch the artist’s design. Is it surprising there should be confusion of tongues 
in such a Babel as wc are building ? 

Since, then, our anthropological field of vision is so extremely limited, it behoves 
us all the more in this branch of study to concern ourselves with the arrangement 
of our subdivisions, in order that they may bear an harmonious relation to each other, 
and whilst givingfull vent to individual thought and action, and limiting the sphere 
of inquiry in each branch to such matters as may fall within the ea.sy grasp of finite 
minds, they may at the same time be rendered subordinate to those great general 
objects which it is the intention of anthropological science to serve ; for it cannot 
he proclaimed too often that in this country and in this Association we have not 
adopted the term anthropology out of defcuHmce to any particular dogmas or sets of 
opinions, or out of regard for any particular party or society, but because that term 
appears to be etymologically the most accurate for embracing the whole of those 
many studies which are included in the science of man. As one of tliose who for 
some years past have taken part in those practical measiu’es which have been as yet 
only partially and feebly instrumental in promoting the union of the anthropological 
sciences, it occurs to mo that the present occasion may be a titling one for express- 
ing some of the views which have suggested themselves to me in tlio course of my 
experience whilst so engaged. I propose, tlu'refore, after considering hrieily the 
existing phases of one or two of the more important questions with which anthro- 
polof^ has to deal, and saying a few words on the relative value of certain classes 
of evidence, to speak of the anomalies and misadjustments in what may be called 
the machinery of anthropological science, defects in the existing constitution of 
some of the societies which either are or ought to be included amongst the branche.s 
of our great subject. In the remarks which I shall ofier upon this subject it is not 
my wish that any undue weight should attach to the particular suggestions which 
I may be called upon to make as in any way emanating from this chair. My object 
is rather to draw the att(mtion of anthropologists to the urgent necessity which exists 
for better organization than to propound any particular schcnnes of my own ; indeed, 
so rapidly do our views change in the infancy of a science, that I should be sorry to 
bind myself over to accept many of my own opinions a couple of years hence ; for 
there is, perhaps, no branch of study to which we may more truly apply the dictum 
of Faraday, that the only man who ought really to be looked upon as contemptible 
is the man whose ideas are not in a constant state of transition.^’ 

Amongst the questions which anthropolo^ has to deal with, that of the descent of 
man has been so elaborately treated, ana at the same time popularized by Mr. Darwin, 
that it would be serving no useful purpose were I to allude to any of the arguments 
on which he has based his belief in the unbroken continuity of man’s development 
from the lower forms of life. Nor is it necessary for one to discuss the question 
of the monogenesis or polygenesis of man. On this subject also Mr. Darwin has 
shown how unlikely it is that races so closely resembling each other, both physi- 
cally and mentally, and interbreeding os they invariably do, should on the theory 
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of development have originat(?d independently in difTorent localities. Neither are 
we now, I think, in a position to doubt that civilization has been jp*adually and 
progressively dcvelopecf, and that a very extended, though not by any means 
Uniterm, period of growth must have elapsed before we could arrive at the high 
state of culture which wo now enjoy. The arguments of our sectional President, 
Sir .lohn Lubbock, on this subject may, I think, be accepteil generally as those of 
the best exponent of these views in our own time ; such wtis the opinion, as we 
hiarn from various authorities, that was held by most of the ancient authors, and 
it tallies in all respects with tln‘ phciionnma of progress n(»w observable in the 
world around us, or which have laien recorded in history. Indeed it almost 
appears probable tliat bad it not bet'ii for certain dogmas inculcated in our youth, 
and from the intluence of wliich in biasing our jiidgnnmt it is dilficult to disengage 
ourselves in after years, we should never for a moment liave thought it possible 
that civilization could have arisfjii through any other causes than tliuse by which 
we actually s(;e, it developing in our own tinu‘s. 

How far the first bi‘ings wtnMhy of being called men may have possessed superior 
organic psychical powers to their predecessors, and whetluT the superior functions 
of tin* human mind wore developed slowly or rapidlv is a point on which it is iiuiro 
dillicult to form an opinion. In contrasting the psychical difl’ereiices between man 
and the lower animals, it is so invariably the practice to ineliide, and indeed so impos- 
si bio to a\oid including, in our estimate of the human inbdh'ct all that conscious 
education and nncoiiscioLis infantile culture has addi‘d to the ])«)wers of the mind, 
that unless avc were able to try the cxpeiiment of the J^gyptian king, and send 
children to bo brought up with animals a])art from all intercourse with the human 
race, we could not place ourselves in a podtiori to cimipare truly the innate capacith'S 
of the two, or to form any just estimate of the (limculti(*s wliich prinueval man, 
even supposing him to have po.^sessed mental powers equal to our own, munt have 
encountered in the. first stages tif human culture. It has boon shown by Prof, 
Huxley and others that there is really no eert'bral ba.rier belAveeii men and animals ; 
nor does it appear beyond the pale of possibility tliat a slight increase in the vivid- 
ness or permanenc’e of the impre.^sions of external objects upon tlie mind o\er that 
possessed hy tlie brutes, might, by marking more ch‘arly tne sequence of events, 
DC sutRcient to initiate that faculty for improvement wliich is the special charac- 
teristic of man. 

He that as it may, there is, I believe, nothing in the constitution of our own 
minds wliich can lead us to doubt that the progress of our first parents imi.‘«t liavo 
been extremely slow, or that the slight impniveuient ohservabh* in the implements 
of the neolithic over those of the paLeolithic ago did actiiallv correspond to tho 
continuous progression of luiuian culture during eiioruious periods of time. 

Now, if it is true that during the countless ages included in the paheolithic and 
neolithic periods (which we know to have been marked by gn'at geological chaugt\s, 
by the union and simaratitni of great eontiiKuits, by great changes cn climate*, and 
by the migration of various classes of fauna into distant parts of tho earth) the 
progress of mankind was as slow and gradual as we are warranted in supposing it 
to nave been by the. relics which have been left us, considering how sliort the 
period of history during whicli the rapid development of civilization has taken 
place is in comparison with the long periods of time of which w’e have been 
speaking, and that progress is always advancing at a rapidly increasing ratio, we 
need find no difficulty in supposing that where savages are now found in the 
employment of implements corresponding to those of the neolithic age, they pre- 
sent us with fairly correct pictures of neolithic culture, being really in point of 
time only a little behind us in the race of improvement. It is reasonable also to 
suppose that the use of such tools by savages, and the culture associated with 
them, was also, like that of our neolithic parents, inherited from lower condition's 
of life, and that, being slow and continuous, it was sufliciontly stable to enable us 
to trace connexions btdween poonle in the same stage now widely separated, and 
between them and our own neolithic ancestors. 

The most remarkable analogies are in reality found to exist between races in the 
same condition of progress ; and it is to the study of these analogies, with the view 
of ascertaining their causes and histories, that the attention of anthropologists has 
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of late been especially drawn; and on this subject I propose to make a few ob- 
servations. 

There are two ways in which it has been attempted to account for these ana- 
logous coincidences : one by the hypothesis of inheritance, to which I have already 
referred ; the other by the view of the independent origin of culture in distimt 
centres, assimilated in consequence of the similitude of the conditions under which 
it arose. It is said tliat the wants of man being identical, and the means of sup- 
plying those wants by (‘xternal nature being alike, like causes would produce like 
etfects in many cases. There can bo little doubt that many remarkable analogies 
have arisen in this manner, especially amongst the very variable myths, customs, 
religions*, and even languages of savage races, aud that it would be dangerous to 
assume connexion to have existed except in cases where a continuous distribution 
of like arts can be traced. On the other hand, we should commit a grave error if 
we were to assume the hypothesis of independent origin, because no connexion is 
found to exist at the present time; for we are as yet almost entirely ignorant of the 
archaeology of savage and barbarous races. It is but fifteen years since we began 
to study the prehistoric archaeology of our own race, which has already carried us 
so far on the road towards connecting us with savages ; and can we say what 
further connexions may be brought to light when the river-drifts of such rivers as 
the Niger or the Amazons come to he studied ? Nor can it fairly be said that the 
wants of mankind are alike in all cases ; for if we adopt the principle of evolution, 
it is evident that the wants of man must have varied in each successive stage of pro- 
gress, diminished culture being associated with reduced wants, thus cam ing us back 
to a condition of man in which, being analogous to the brutes, he could scarcely be 
said to have any wants at all of an intellectual or progressive character. 

It would be an error to apply either of these principles exclusively to the inter- 
pretation of the phenomena of civilization. In considering the origin of species, we 
are under the necessity of allying ourselves either on the side of the monogmi'sts or 
that of the polggenists ; but in speaking of the origin of culture, both principles may 
be, and undoubtedly are, applicable. There is, in lact, no royal road to knowledge on 
this subject by the application of general principles; the history of each art, 
custom, or institution must be diligently worked out by itself, availing ourselves 
of the clue afforded by race as only the most probable channel of communication 
and development. Wo may be certain, however, that in all cases culture was con- 
tinuously and slowly developed. Wherever we find an art or institution in an ad- 
vanced or a conventionalized state, we may be certain that it did not originate and 
was not invented in that condition, but was the result of slow growth ; and if the 
evidence of such growth is wanting in the locality, or amongst the people with 
whom it exists, it is rational to look for it elsewhere. Where, on the other hand, 
the arts are in a low stage of development, closely allied to each other in their 
objects, forms, or appliances, and largely dependent on the unaltered productions of 
nature, we may assume that they are indigenous. 

There is but one existing race the habits of which arc sufficiently well known, 
which can he said to present in any great degree the characteristics of a primneval 
people, and that is the Australians. As I have elsewhere noticed, all the weapons 
and tools of the Australians, whatever the uses to which they are applied, are 
closely allied to each other in form. The spear, the club, the malga, the boomerang, 
and the heileman, or rudimentary shield, all pass into each other by subvarieties and 
connecting links, and all consist of tlie hut slightly modified natural forms of the 
stems of trees and other natural productions. The Australian in his arts corresponds 
the most closely of any people now living to those of the palaeolithic a^e. His stone 
axe is sometimes held in the hand when used, and, like the pala3olithic man, he has 
not yet conceived the idea of boring a hole through it for the insertion of a handle. 
In some cases he cannot without instruction even understand the use of such a hole 
when he sees it in the axes of European manufacture, A most remarkable instance 
of this was brought to my notice not long ago by Mr. Grimaldi, who found on tho 
site of a deserted native camping-ground a European axe having a hole for the 
handle, which the natives, unaole to conceive the use of this part, had filled up with 
gum, and hafted by means of a withy bent round the outside of the hole, in 
accordance with their traditional custom. Through the kindness of the owner, I 
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have here exhibited a drawing of this most instructive specimen of the primasval 
arts of the Australians. In tlie temporary museum estaolished he»’e during the 
meeting of the Association, you will see a case containing knives of stone, glass, and 
iron, all of exactly the same form, and bafted, if one may use such a term for the 
attempt to form a handle, precisely in the same manner, showing with what 
t(inacity these' people rotiiin their aheient fonns, even after they liave been supplied 
with European materials. 

Nowit has shown in some cases; and licre I especially refer to the account 
lately published by Mrs. ^lillet, of the Native School (‘."tablished, under conditions 
only partially favourable to its success, in the iiit(*rinr of Western Australia*. The 
Australians are found in some cases to be not only capable, but e\cn quick in re- 
ceiving instruction. It is e^ident, therefore, that we should be WTongif we w :re to 
attribute the e a traordinary retardation of culture on the Australian continent to 
racial incapacity abme ; racial incapacity is o}w item, but not the only item to be con- 
siden d in studying the de\ elopinent of culture. 

The earliest iiiha])itaiits of llie globe, as they spread themselves over tho earth, 
would carry with them tho rucliiiieiit-* of culture which tliey possessed, and we should 
naturally expect to tiiul that the most primitive arts were, in the first instance, the 
most widely dissmninated. Amongst the prinu'cval Aveapoiis of the Australians I 
liavo traced the booitu^mng and the ru<limentarv pariying shitdd (which latter is 
especially a ]>rimitive implement) to the I)va\idian races of the Indian peninsula and 
to the ancituit Egyptians ; and although this is not a circum.stjiiice to bo relied upon 
by itself, it is worthy of careful attention in connexion with th(‘ circumstance tWt 
these races hav<i all been traced by Prof. Huxley to the Australoid stock, and that 
a connexion between the Au'^tralian and Drnvidian languages has been stated to 
exist by Mr. Morris, tin' llev. K. (^ddwell, Dr, Bleek, and otherst. And hero I 
must ask for one nionu'iit to repeat the reply Avhich I have ePewhere given to the 
objection whicli has been made to my including tlu'.'^e W(‘ap<>ns under the same class, 
viz. “ that the Dravidian boomerang doe.s not return like the Australian weapon.” 
Tho return flight is not a matt<‘r of such primary importance its to constitute a 
g(*neric dillereniv, if 1 may use the expre.^^sion ; the utility of the return flight has 
boi'ii greatly exaggerated ; it is owing simply to the comparative thinnt'ss and light- 
ness of the Australian weapon. All who have witnessc'd it.s employment by the 
natives concur in .saying that it hjis a random range in its return flight. Auy one 
Avho will take the trouble to practise with tin* dillerent forms of this weapon will 
perceive that the e.s^ential princmle of the boomerang (eall it by whatever name you 
please) consists in its bent and flat form, by means of Avliich it can be thrown with 
a rotatory mo^♦'ment, thert'by increasing the rmgv andjiutness of the trnjvcfonj, I 
have practised with the hooineraiigs of ditlereut nations. I made a favHinilv of the 
Egyptian boointTung in the Hritisli Mu.seuni.nnd practised with it for some time 
upon Wormwood Scrubs, and 1 fuuud that in time I could increase the range from 
fifty to one hundre<l paces, whieli is much further than I could throw an ordinary 
stick of the .same size with accuracy. I also succeeded in at last obtaining a return 
llight, so tliat tht' weapon, after flying seventy paces forward, returned to within 
seven paces of the position in whieli I was standing. This settles the question of 
tho id(*ntity of the Egyptian boomerang; in fact it flies better tlian many Austra- 
lian boomerangs ; for they vary considerablA in si/e, Aveight, and form, and many- 
wili not return when ihrowm. Tho eflicacy of tho boouu'raiig ctiiisists entirely in tho 
rotation^ by means of which it sails up to a ]>ird upon the wing and knocks it down 
with its rotating anus ; very fe.AV of them have any twist in their construction. The 
stories about hitting an object with accuracy behind the thrower are nursery tales; 
but a boomerang wlieii tlirown over a river or swamp will return and be saved. In 
tracing the connexion between the arts of a people it is as m'cessary to study the piin- 
ciples of construction, as in tracing the connexion of languages or auy other of the 
productions of human intelh'ct. To deny the atlinit v of the A ustrnlian and Dravidian 
boomerang on aecount of the abst'iiee of a return llight would be the same as deny- 
ing tho ailinitj^ of two languages whoso grammatical construction W’as the same 
because of tlieir differing materially in their voeabularies. 

♦ Australian Parsonage, or tho Settler and the Savage, by E Millet, chap. vii. 

t Journal of tho Anthropological Institute, No. 1. vol. i., July b'^71. 
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Implements characteristic of the neolithic sta^e of culture have been found in 
all parts of the world, and the identity of their forms in regions remote from one 
another has attracted the notice of arclneologists. By degrees some of the most 
primitive w'eapons would be superseded by others, and the improved forms would 
be rapidly disseminated. (Community of goods, which is characteristic of a primi- 
tive state of society, would be a means of disseminating these improvements far 
more rapidly than afterwards, when the idea of personal property had been intro- 
duced, and Wore trade had bc^en established. It has been found that in Western 
Australia, where no individual is able long to retain any thing as liis own, and 
where members of another tribe are supposed to have a spetual claim on the pos- 
sessions of an individual, this custom has been the means of conveying articles of 
European manufacture far inland into districts where the white man is unknown. 
We nave also proof, in the migration of the Malays into Madagascar and the 
spread of the Polynesian race over the Pacific Ocean, that oceanic boundaries are 
not sufficient to prevent intercommunication between distant countries, and that 
intercourse between people in a comparatively low state of culture must frequently 
have taken place in prehistoric times. The earliest improvements would thus in 
time become the most widely disseminated, and therefore the most difficult to trace 
by their distribution at tlu' present time. 

Amongst the earliest improvements upon the primitive arts of man would be the 
substitution of the tlirowiug-stick by the bow as a im'ans of accelerating the fliglit 
and force of the ja\'elin. JSo decided an advamu'. in the employment of missile force 
would lead to the discontinuance of the throwing-stii'k for ordinary purposes 
wherever the how was introduced. The throwing-stick is now found only in 
distant and unconnected regions, viz. in Australia, amongst the Esquimaux and the 
Purus Purus Indians of South America j and it has Ikmui assumed, on account of 
the isolated positions in which it is found, that it must be indigenous. On the 
other hand, the use of the bow is almost universal ; and it lias equally been as.sunied, 
on account of its world-wide distrilmtioii, that it must be indigenous in different 
localities, and not d(;rived from a common centre. ( teojiraphical distribution, liow- 
cver, although alfi)rdiiig the best evidcmce obtainable, cannot be relied upon witli 
certainty in the case of so early an invention as the bow appt'ars to have been. 
I cannot concur in thinking tlnit we have any sure e\ idieice tliat the bow originated 
in different places ; on the contrary, what cvidmice we have appears to me to bo of 
a contrary tendency. 

In tropical and temperate regions the elastic properties of wood and its appli- 
cability to the purposes of offence would force itself upon the notice of the aboriginal 
man as he pushed his wav through the uridcTwood of the primaival forest. He 
would perceiv e that by tying his lance to the end of an elastic stem, and by a simple 
contrivance for retaining it in a bent position until the propi'r time arrived for 
releasing the spring, it miglit he maclc to pi(irce other animals as they passed 
through the wood ; hence the spring-lance or trap, whicli we find widely distri- 
buted in parts of Africa and Southern Asia, and which in later years lias been 
caiTiod by the negroes into South America. By degrees lie would see that, with 
the addition of a string, the trap might be made to project the lance with great 
force and accuracy j and the power thus afforded of wounding a wild animal or an 
enemy at a distance would at once commend it to his adoption. Where suitable 
spring wood existed, the construction of the bow was simple enough ; but wlien the 
use of this weapon penetrated into northern climes, where an arctic flora did not 
supply wood of sufficient elasticity for the purpo.se, it would become necessary to 
supplement the stiff pine- wood or bone by some suitable material. It would be 
found that the sinews of animals fastencM along the back would supply the elasticity 
that was wanting. By this means lie would be led to the use of the composite 
bow, which is the how peculiar to the northern hemisphere. A comparison of the 
modern I^ersian composite bow with those figured on the Greek vases proves that 
this was the form of bow used by the Scythians and others in ancient times, Iii 
Lapland we find the same form. It was "caiTiod by the nortlieru immigrants into 
India, but it is not indigenous in that country. By the Tartars it was introduced 
into China. We find it also on the east coast of Siberia. Across Behring Strait it 
reappears amongst the Esquimaux in its most primitive form ; but the returns at 
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tlie ends prove it to be unmistakably the same weapon as the Tartar bow. It is 
found also in British Columbia, and down the west coast of America as far as 
California. 

Here, then, we have the continuous distribution across two entire continents of 
a particular class of bow, of a more complex form than the southern bow, and one, 
therefore, which is not likely to have been adopted except by a people to whom the 
simpler but equally eftective f^rm was known, but who did not possess the mate- 
rials necessary for its construction. It would not, perhaps, require a very wide 
stretch of imagination to .suppose that this class of bow may have orijjinated at a 
time when an arctic flora similar to that existing amongst the Esquimaux may 
have been more widely distributed in the northern hemisphere than at present, and 
its advantages for employment on horseback would be a cause for retaining it. Be 
that as it may, we have proof that this composite bow is of great antiquity, and that 
it has been carried by intruding races into distant countries. May not the use of 
the simpler and earlier bow have been spreiul in the same maimer? It may have 
been, but we cannot say that it was. The resemblance between the South-Ame- 
rican bows and arrows and those from \ew (riiinea is so close that it is sometimes 
diificult to distinguish them. Even the ornamentation upon them is much alike; 
and it is well known to all Ereliist(»rians fh.it the arrow-heads fiund on the Ame- 
rican continent present all tlie four types of leaf-shaped, lozenge-shaped, triangular, 
ami barbed, that an* found in Europe. 

As by dt*gree'i the use of the bow spread over tin* world, that of the throwing- 
stick would tend to disappear. ^Ve have .some grounds for supposing that the latter 
instrument was fonmu'ly iu use in the Ikdew Islands ; and Mr. Franks lias found it 
amongst some Mexican relics pn^bably preser\ed in a tomb. !May it not also have 
existed form<n*ly in other localities whi've it has not been preserved in tombs, and 
where no trace of it now exi>ts? If this were the case, where should we now 
expect to find it retained? In such localities as the Arctic seas, where lack of 
fiuitable inat(‘rials still nmders the construction of the how a work of great dilVi- 
culty, as is shown l)y the nianntu* in which s<‘veral pit^ces of hard hone are some- 
times fastened togetlier to form one, or in .iuslralia, where the knowledge of the 
use of the bow has homt penetrated. 

(ylosely coniK'cted with the how, the harpoon may he instanced as an example of 
early cirigin and widt* distribution. The harpoon is found in some of the French 
Vaves, amongst tln^ earli(*st bone relics of Jiumaii workinansliip that have been 
brought to light. Its present distribution is almost uiiiver>al, being found in 
Australia, North and .South Africa, North and .South Aiiuiriea, and in all regions 
wlu're its use has not been superM*ded by more suitable contrivances. 

in proportion as our investigations are carried into the higher phases of civili- 
zation, we lind our areas of distribution mort* limitiul, and of move and more value 
t»> us is tracing the conlinuily of culture; and when we come to the distribution of 
the metallurgic arts, we tiiid them detimal by marloui geographical boundaries 
which are not the ))oiindnri(‘s of the givat priimeval races of inanKind. 

If we draw a lim* across the gh>h«' from Behring Slniit in a soutli-westerly direction 
through Wallace's line, h'aving Australia on the east, and take for our period the 
date of th(‘ first discovtuy of America, we shall find that (putting luside tlie inetal- 
Inrgic culture of Mexico and Pm-u, which, it n»ay hi' observed, is grouped round a 
single centre) this line separates the area of stone culture on the east from the 
area of metallurgic culture on the west; hut itpa'^ses straight through the primm\al 
racial bouudaries. Turning to the ethnological map of the world, we find in the 
southern hmnisphere the black racc.s of man occupying a continuous area, extending 
from Australia on the eivst to Africa on the west ; of tln*se, the eastern jirortion are 
in the art'a of stone culture, whilst the western have long beivune acquainted with 
the use of metals. Or if we divide these hlaok rjices, as Th'of. Huxley has divided 
thorn, into Australoid and Negroid stocks, including amongst the hitter the Negritos, 
we find i^qually that with each of tlu'sc primmval stocks the eastern half are in the 
stone area, while the western am ac'quaiiited with the use of metals. In the 
northern hemisphere wo also Hud the great Alongoloid stock, which inc'luclos the 
inhabitants of nortborn and oastvm’ii AMaand the twi) continents of America, divided 
by our line iu two portions, of wliicli the eastern are in the stone area, while the 
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western have made considerable advance in metallurgic culture. Hero, then, we 
see that the distribution of the metallurj^c ai*t had, at the time we speak of, spread 
over three continents, and been brought to a stand by gi'eat oceanic boundaries, 
beyond which it had not penetrated, unless, indeed, it had been carried by some 
vessel to the coast of Peru. 

If we now take what we may call the metallurgic area more in detail, and endeavour 
to trace the distribution of the implements of the bronze period, we find that the same 
class of weapons and tools extends over a continuous area, including the whole of 
the northern, western, and central parts of Europe, as far as Siberia on the t'ast j these 
implements, including palstaves, leaf-shaped swords, and socket celts, with tho moulds 
for casting them, are of a character to prove that the diffusion of the bronze culture 
throughout this area must have been connected and continuous. In Egypt, Assyria, 
India, and Cbina we have also bronze ; but the forms of the implements do not, as 
a rule, correspond to those of the area above mentioned : our knowledge of the 
bronze weapons of India and China is, however, extremely limited as yet. I have 
elsewhere given my reasons for believing that the knowledge of the use of iron in 
Africa must have been derived from a common centre ; not only is the mode of 
working it the same throiigbont tliat continent and in India, but the forms of the 
weapons fabricated in this metal, and espi‘cially the corrugated blades, are the same 
in every part, and appear to have been copied and retained through habit where- 
ever the use of iron has penetrated. 1 have lately traced this peculiar form of blade 
in several parts of the Indian peninsula and Burmah, and I have no doubt it will 
eventually be found furtlier to the north, so as to connect tho area of its distribution 
continuously with those of the same identical coiislriiction that are found in the 
Saxon and Frankish craves. 

The distribution ox megalitbic monuments extends in a continuous belt, as lias 
been repeatedl}^ shown, from western Europe to ('astm'ii and southern India ; and 
however little disposed some of us may be to agree with Mr. hVrgusson as to the 
age to which he refers these monuments, for my part I concur with him in thinking 
that their distribution denotes inttn’cominuiiii^alion on the part of the constructors 
of them. The art of enamelling, which was known to the Celts and liomans, as 
well as to the Chinese, will, I have no doubt, b(^ shown hereafter to bt‘en de- 
rived from the east, or at least to have spread from a single source. It is worthy 
of notice that the pr(‘seiit distribution ot filigree work, which is closely connected 
with enamelling, and which may he regardetl as a 8ur\ival of that antique art, is 
now found to be practised in a continuous belt from China on the east to Spain on 
the west ; and with the exception of some rough Scandinavian work of the same 
character, it is not, I believe, found out of this channel. Idiis, indeed, appears to 
have been the high road of communication in non-historic times, and indicates the 
route through which many of the so-called early European discoveries may have 
been derived. 

I have thus bri(3fly alluded to the distribution of some of the arts associated with 
early culture, with tlie view of showing that as our knowledge increases we may 
expect to he able to trace many connexions that we are now ignorant of, and tluit 
we should be careful how we too readily assume, in accordance with the theory which 
appears popular among anthropologi.sts at the present time, that coincid( 3 nces in the 
culture of people in distant r(‘gions must invariably have originated independently 
because no evidence of communication is observable at the present time. Owing, 
perhaps, to a praiseworthy desire to refute the arguments of Archbishop Whately 
and others, who have erroneously, as I think, as.sumed that because no race of 
existing savages has been known to elevate itaidf in the scale of civilization, thereforii 
the first steps in culture must have resulted from supernatural revelation, we lia\ e 
now had a run upon the theory of what may be called the spontaneous generation 
of culture ; and the pnges of travel have been ransacked to find examph^s of inde- 
pendent origin and progress in the arts and customs of savage tribes. Owing to 
this cause, we have, I think, lost sight in a great measure of the important fact 
which history reveals to us, that, account for it as we may (and it is one of the great 
problems of Anthropology to account for it if we can), the civilization of the world 
has always advanced by means of a leading shoot j and tlioiigh constantly shifting 
its area, it has within historic times invariably grouped itself round a single eeiitre, 
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from which the arts have been disseminated into distant lands or handed down to 
posterity. In all cases a continuous development must be traced before the problem 
of origin can be considered solved ; the development may have been slow or it may 
have been rapid, but the sequence of ideas must have been continuous, and until that 
sequence is established our hnowledge is at fault. As with the distribution of 
plants, certain soils are favoiu*able to the growth of certain plants, but we do not 
on that account assume them to bti spontaneous otlspring of the soil, so certain arts 
and phases of culture may ilouriwsh among certain races or under certain conditions 
of life. Ihit it is as certain that (uudi art, custom, aiul instil utiou had its history of 
natural growtii ; it is tliat (‘ncli s»‘t‘d wliich sprouts in the soil once fell fn)m a parent 
stem. The liunian intellect is tlie soil in which the arts an<l science's may be said 
to grow ; and this is the only coiulition t)f things compatible with the existence of 
minds capable of atlapting exteinal nature, but pos>essiiig no power of originality. 

If I am right in supposing that it isoiui of tlieprinuirv objects of Anthropological 
Science to tiaco out the history and sources of human culture, a consideration of the 
relative value of tlic various clasM*s of e\idence on which wi* rely for this purpose 
will be admitted to be a question of no slight iinportnnc(^ in connexion w ith oiir sub- 
ject. We must dl'^tingiiisli between those bvanelies of study lueh we are apt to look 
upon as intrinsically the higln^st, and on that account the most attractive, and those 
which are of most value as (‘vi<h‘nce of man in a low condition of culture. To the re- 
ligions, myths, iu'^titutions, and language of a people we an* naturally drawn, as af- 
fording the' best indicatiims of tln'ir mental cjulowments ; but it evident that these 
carry us no furthiu' back in time than tin* In.^toric ])eriod ; and bowev (T ne(’es>ary to be 
.studied as branches of (uir science, the\ fail to atford iis any direct evidence of those 
vast ages during which our species appears to have gradually tak»*n upon itself the 
characteristics of humanity : every aj:e has, ln>wev('r, U‘ft us the relics t)f its material 
arts, which, ^v hen stJidit‘d (*omprebensivelv in coniu'xion vvith the gc’ological record, 
may be taken as evidence of mental development from tin* t*arliest p(Tiod of time. 
Nor is it in point of time ahme, but also by reason of their stability, that the material 
arts afford us tin' surest <‘videnc(‘ on which t») reconstruct our social (‘ditice. The 
tendency to constant variation within narrow limits is a psychical characteristic of 
the uncultivated man ; but tin' material arts are not subj«‘ct to those comparatively 
abrupt changes to which, prior to theiiitnaluction of writing, all )>ranches of culture 
are liabh* which art' dependent for tlndr transmissions on the nu'mory, and which 
are communicatt'd byword of iiioiitli. 

Few who have read tlie vv'ork> of l*rof. ^Max Muller or Mr. FaiTar can fail to be 
struck vvitli the value of the evidejice atlbrded by language, so far us it goes, but, on 
the other band, with tlie very .'^bort distance to which it carries us back in investiga- 
ting the origin of speecli ; nor is this >ur|msiiei: when it is considered how constant 
must havii bei'ii tlie cliaiiges to which language was subject in prehistoric times. 
Amongst the one hundri'd islands occupied by the ^lelanesian race, the llishopof 
Wellington iid'orins ns tlu've are no less than two liundrt'd languages, difiering fi’om 
(‘acli other as much Dutch and (lerimiii ; and this diversity of languages and dia- 
lects is confirmed by Mr. 'fnrner, in bis nccouul of his nineteen years’ residence in 
Polynesia. Amongst the Peiions, or savage tribi'S of Cambodia, vre read of the great 
number of dialects spoken liy tribes whose manners and customs are the same. 
Amongst the Musgu of Ct'iitral Africa, Bartli t(*lls us that, owing to the absence of 
friendly intercourse betwuM'ii the sev eral tribes and families, sucli a number of dialec^^ 
bad sprung up as to render (‘ommunication between themditficult. Upon the river 
Amazon Mr. nates mentions that in a single canoe be found several individuals 
speaking languages so dill’eri'iit 'ns to be unintelligible to tlie others. In a state of 
culture in wliicb such diversity of tongues exisleil, wind could have been the 
chance of preserving unchanged the myths, religions, and all tliose manifestations 
of iutellt'ct which are dependent on tradition h It has, in fact, been found, by 
those most eompi'ti'nt to judge, tliat they are not reliable in any great degi-ee as 
evidence of connexion bet^veon distant tribes and vaees in an early condition of 
culturti. Fa’cii in cases in which time and diversity of dialect, as causes change, 
have been eliminated, the experience of everyday life proves bow little reliance is 
to be placed in the vi'rbal transmission of ideas. In studying Gallic traditions, 
Mr. (himpbell, of Islay, who bus colh'cted a larger numlier of Gallic stories than 
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any man living, informs me that although the general plot of a story, like the 
grammatical construction of a language, may with doubt and difHculty be traced 
through many variations into distant countries, the details in all that relates to 
names of the heroes, costumes, and implements, and all the material events con- 
nected with the stories are subject to such radical changes as to render them totally 
untrustworthy in point of date and sequence. JSIr. Tylor also, in his interesting 
and valuable work on primitive culture, lias stated his inability, by means of myths 
and religions, to trace in the majority of cases the connexion between early races; 
and this circumstance, fairly and rationally as he has placed it before us in all his 
writings, has, I venture to think, led many who rely mainly on this class of evi- 
dence to incline too strongly towards the hypothesis of independent origin (more 
so at least than I should be disposed to do), and to malce iusulliciont allowance for 
the rapidly recurring changes produced bv the imperfect transmission of ideas, 
through the operation of which all tnice of the channels of communication would 
be rapidly obhterated, and those myths which, from being best suited to the mental 
condition of the people, had survived in distant countries would present the ap- 
pearance of spontaneous and independent origin. In all this class of anthropolo- 
gical evidence Mr. Tylor has shown that the invention of writing and other con- 
comitants of improved culture have been the means of introducing an element of 
stability and permanence, so that we are pres(mted with the phenoiiitma of progress 
in the direction of unity and simplicity as opposed to divaTsity and complexity. 
On the other hand, the language of the arts may be said to have bt‘en a written 
language from the time of the first appearance of man upon the eaith ; hiss liable 
to variation in trausmission, tlie links of connexion betwecm lower and higher 
forms have been preserved and handed down to U'j from the remotest period of 
time, and by testifying to the comparatively st(‘ady and (*ontinuous devt*lopment 
which has taken place, encourage us to hope that by diligently prosecuting our 
studies into this department of anthropology, every relic of prehistoric ages may 
eventually be made to mark its own place in sequence, if not in time. 

The greater stability of the material arts as compariMl with the ilucUiations in 
the language of a people in a state of priniie^al savagery is well shown by a con- 
sideration of the weapons of the Australians and the names by which they are 
known in the several parts of that continent. As I luive already mentioned, these 
people, from the simplicity of tlieir arts, alibi’d us the only living examples of what 
we may presume to have been the characteristics of a primitive people. Their 
weapons, respecting the distribution of which we have more accumte information 
than we have of their vocabularies, are the same tliroughout tlie continent ; the 
shield, the throwing-stick, the spear, the boomerang, and tluur other weapons 
differ only in being thicker, broader. Hatter, or longer in different localities; but 
whether seen on the east or the west coast each of tliese classes of weapons is 
easily recognized by its form and uses. On the other hand, amongst the innu- 
merable languages and dialects spoken by these people, it would appear that almost 
every tribe has a different name lor the same weapon. I'he narrow ])arrying-ahield, 
which consists of a piece of wood with a place for tlie hand in the centre, in South 
Australia goes by the name of lieileman, in otlier parts it is known under tlie name 
of Mulabakka, in Victoria it is Turiimung, and on the west coast we have Muru- 
kauye and Tamarang fur the same implement very slightly modihed in size and 
form. Referring to the comparative table of Australian languages compiled by the 
Rev. George Taplin, in the lirst Number of the ^Journal of the Anthropological 
Institute,’ we find the throwing-stick, which on the Murray River is known by the 
name of Yova, on the Lower Darling is YaiTum, in N(‘w South Wales it is Woni- 
niurrur, in Victoria KaiTiek, on Lake Alexandriim Taralye, amongst the Ad('laid(i 
tribes, South Au.stralia, it is Midla, in otlier parts of South Australia it is called 
Ngeweangko, and in King George’s Sound Miro. None of the weapons show h‘ss 
variety of form than the boomerang; on tlie Muri’ay River this is known by the 
name of Wanya, on the Lowtjr Darling Yarriimba, on the North Darling ^Iiilla- 
Murraie, on Lake Rando Wadna, on the Idverpool Plains Ihirran, in Victoria 
Kertom, on I^ake Alexandriim Panketye, and m King George’s Sound Kyli. 
Between the majority of these names it will be seen that it is impossible to trace 
the faintest resemblance of sound. Yet no one, it is presumea, would be so 
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irrational aa to suppose that so peculiar a weapon as the boomerang, for example^ 
could have been inventt^d independently in as many different localities as there are 
difibrent names for it ; nor is it reasonable to suppose that such extremely simple 
weapons tis tliose in use by the Australians should have spread from a commf)n 
centre^ subsequently to the establishment of the various languages as they ai’e now 
spoken. Tlie weapons of the Australian, as I have shown in my paper on Primitive 
Warfare, publislied in the ‘Journal of the Iloyal United Service Institution/ are 
all tracealde, like the languages, to j>rimitive forms, which are the natural forms of 
stumps and stems of trees ; like the languages they have also varied and diverged; 
but wliilst the names fur them have changed so completely as to present no si^ns 
wha^ver of coiiiiexiou in the ditlerent tribes, the weapons themselves have varied 
BO slightly as to be n'cognized at a glance in all parts of the Continent. Even in 
modern times, sinet‘ tlie introduction of writing has given permanenec to the lan- 
guages and ideas of the people a.uongst wliom it Inis been introduced, we find 
instances of the comparative stability of tbe material emblems and forms of things 
in tlie retention of pagan (unbhmis in our own religions and those of other coun- 
tries, and notalily the employment of fin* and water in our religious ceremonies, 
which have survived with vso much vitality as to be living sources of controversy 
amongst parties, one and all of whom would utterly repudiate the ideas with which 
these eujbltmis were a^^MX-iated at their birth. 

If, tlcMi, it is evi(b'nt that miieh (►f the liistury of our prtOiistiU’ic ancestors has 
Inam for e\ er lost to us, we may console ours<‘lves witli tin* retlectiou that in their 
tools and weap(ms and otlnu* relics of tluur imitmial art^s tin* ino.^t reliable source 
of e\ idence as to their intellectual condition lias coiitiimed to our time. As to the 
myths, religions, superstitions, ami languages with which tliey were associated, we 
may content oursi'K es by devoutly thanking Ih’oiidcnee that they have nut been 
preserved. As it is, anthropological studies are said to have their fair shave in tbe 
creation of lunatics : and we can (‘asily believe that no sane intidlcct would have 
survived th(‘ attempt to unravid .such a coniph'x and tangled web of dillicultv as 
tlie stmly of tlie.st' subji'cts would ha\e presented to our mind.*«. 

Two other (‘vam])les, with your permi.s.''ion, I will give for the purpose of illms- 
trating tlie principle of variation and continuity as a])|)li<'d to tlie customs and art.s 
of saiagi^ races, and the relative superiority of material ovidcmce in tracing the 
changes oHeeted hy these means. The customs associated with the practice of 
human sacrilice amongst the Ivonds of India have received jirominent notice of 
late years, owing to the st(‘ps which liaic been taken by the (iovenimeiit to put 
tlnuii down. Erom the iv'ports pre.^eiitcd to tlie ( lOM'rmiK'iit of India by various 
oiTicers, we learn tliat these customs vary considerahly in minor points in 
diflereiit localities. Amoiig.st those who have written on the ethnology of India, 
there is no one from who.si* accurate and scientitic observation of the 
habits of the. aborigines we luive derived more valuable information than Sir 
Waller Elliot. Eroin him we learn that similar cu.stoins pn'vail in every 
villagt; in Southern India. The village customs, howeier, diiler from the 
Koiid riU's in tliis important particular, which we (ain easily understand is the 
reason why tlie resenihlance bi'tweeii them has never been noticed by former 
wriier.s namely, that the practice of liiimaii sacrifice lias been abandoned, and a 
buifalo is sub.stituted for a human victim ; in the mode of sacrificing and disposing 
of the tle.sh and other inattei\s conm*eU*d with the rites, we .see that these village 
customs are in vi'ality the modtum rt'presentatioiis of the more ancuuit Jvond sacri- 
fices, and that whilst an immense step has been made in the civilization of the 
peo])l(^ by the abandoiiimmt of the barbarous practice of liuiiian saerifice, the 
parallel to wliicli is probably seen in the account of Abraham’s sacrifice in the Old 
Te.stnmeiit, the* continuity has been kept up by the preservation of some of the minor 
customs which are associated ivith the more ancient rites. Now Sir Walter 
Elliot tells us that tliese modified village .sacrific e.s, like the older human sacrifices, 
vary in Ihe de tails in every village of S-mthern India. I nei d hardly say how much 
the value aud a(;cura('y of those studies woiibl be promoted if we could obtain detailed 
accounts of tlie varietie.s of the.se custoiii-s as they are now practi.>ed in the several 
villages, with the causes of variation in each case ; wo should by thi.s means obtain 
an insight into the process of development of these customs as they are now seen 
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actually on the move at the present time. Hereafter, in all probability, as they 
continue to vary by the omission of some portions of the ceremonies and the substitu- 
tion of others, some one village, more advanced and more powerful than its neigh- 
bours, in the natural course of things will obtain the ascendency, and will impose 
its peculiar and greatly modified version of these rites upon the neighbouring vil- 
lages, by which means the links of connexion will be completely lost. I believe 
the time is at hand when we shall make as much ado over a variety of custom or 
form of implement as naturalists now do over a new moth or a beetle, and then 
anthropology will become a science. 

My next illustration is taken from the ornamental paddles of tho New-Irelanders, 
one of the Papuan group of islands adjoining the one in which llishop Pattesoii 
was lately murdered. In none of the productions of savage art is the tendency to 
continued variation within narrow limits more strongly shown than in these orna- 
mental patterns. Whilst the form of a club or a paddle appears to remain un- 
changed for many generations, the form of ornament upon it will be subject to 
variations, which, however, are not tho less found to be eontinuous and connected 
when a sufficient number of specimens are collected, so as to enable tludr history 
to be traced. The continuous looped coil and its varieties, and its ultimate deve- 
lopment into the continuous fret pattern, may be traced in its migrations through 
distant regions. Sometimes a particular variety of these patterns will establish 
itself in a tribe or a nation ; and whilst subj(‘ct to an infinity of subvarieties, it will 
be found to be repeah^d over and over again in all the weapons and imnlemeiits 
belonging to this tribe. The ornamentation empl()y<‘d by the trib(‘S on the N. W. 
coast of America consists entirely of the r(‘presentation of a bird’s head, the eyes 
and beak of which have been subject to such variations in copying as completely 
to have lost all trace of the original design. The Xew-Irelamiers ornament their 
paddles with the figure of a man painted in red and black, carved upon tlu‘ face of 
the blade. Pig. ‘2 is a good example f)f this conventionalized modt' of representing 
the human figure in full ; fig. 11 is another oraaiiient upon thopaddl(3 ot tho same 
people ; and between those two figures it would not at first sight appear possible 
that any connexion could be traced. 

Ingenious theories might, perhaps, bo based upon the oceiirrence of such a 
figure as that represented in fig. 11 amongst the Papuan Islands ; it might bo 
assumed that Mahomedaiiism had once penetrated that r(\Lri(>n, and tiny had 
adopted the symbol of the crescent, or tho advocates of spontaneity would find no 
difficulty in at once assuming tliat they had copied tho new moon. No one who 
had not by previous experience been impressed with the continuity pervading all 
savage ornamentation would dream of connecting two such widely diilerent foniis 
as those represented in these two figures. Those, however, who are familiar with 
the pictograpliic changes which mark(‘d the origin of tlie Plicenician and S(*andi- 
navian alphabets, or who have studied Mr. fibaus’s work on Ancient British Coins, 
or the researches of Mr. Bdward Thomas into the Coins of India, will be prepared for 
the marvellous transformations to which human and other forms are subjectt*d 
when they are copied and re(H)pied by the inaccurate and uninstructed eyes of 
savage imitators. They will remember how the chariot and horses on the 
Greek coins of Philip of Macedon, in the hands of tlie Gaulish and British artists, 
gradually lost, first the body of the chariot, then tho body of tho charioteer — how tho 
wheels of the chariot became mixed up with the body of the horse, and the head 
of the driver appeared floating like a cberubim over the liors(;’s ears — and how, on the 
obverse of the coin, the nose and features of the head gradually disappeared, until 
nothing but the wreath converted into a cruciform ornament remained to connect 
it with the original figure of the (J reek king, impressed with the idea of the physical 
identity of people in the same condition of culture, I determined to collect Kew- 
Ireland paddles, and see whether a connexion would be found to exist bed'ween the 
peculiar patterns with which thev are ornamented. The result is the series now 
before you, wbicli 1 have obtained at different times during the last stwen years as 
they turned up in curiosity-shops or were brought over by travellers from the? 
South Seas ; and it must be understood that these particular specimens are not 
selected to serve my purpose. I have here given the whole of the collection of 
patterns which have fallen into my hands. Let us sec how far they serve to sup- 
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port our views as to variation and continuity now that they are put together. 
Fig. 1, it will at once be seen, represents, both on the handle and on the face of 
the blade, the head of a Papuan ; the large black mass on the head, like a grenadier- 
cap, is the Papuan head-dress peculiar to these parts; the ears are elongated 
according to the custom of these people, and pierced with an ear-ornament ; the 
eyes are round black dots, the nose a triangular red mark, and the same colour is 
spread over the forehead. Fig. 2 represents the full figure of a Papuan sitting; 
the ears are drawn down towards the hands, the head is somewhat conven- 
tionalized, the line of the nose is carried round the eyes in a scroll, and there is a 
lozenge-shaped pattern on the forehead. Fig. »‘i is nearly the same figure repre- 
sented as sitting sideways, simply by lopping oft* an arm and a leg on one side, In 
fig. 4 we have two arms, but no legs, and the head continues much the same as in 
the two preceding figures. In fig. 5 the whole body is gone, and the scroll-pattern 
round the eyes is modified in form. In fig. (> we see a great change in the form 
of the head, which is much more conventionalized than in the preceding figures; 
the eyes are reduced to small dots, and are rendered subordinate to the scroll 
formed by prolongation of the line of the nose ; the sides of the face are concave, 
and conform to the line of the nose ; the chin and mouth are enlarged ; the head 
is surmounted by the Papuan head-dress, as before ; there is a lozenge-pattern, as 
before, on the forehead ; the elongated ears are there, but tlio ear-ornament has 
disappeared ; in this face the nose has become the prominent feature, aiiid the 
other features are subordinate to it. In fig. 7 a still greater change has taken 
place ; the greater part of the face and head are gone. In the last figure we saw 
that the nose was becoming the prominent feature, here it is n(‘arly the only fea- 
ture left ; the elongated ears are drawn down the sides of the nose ; the lozenge- 
pattern on the forehead still remains ; but the lines, which in the previous figures 
led to the head-dress and to the scroll-pattern, have been turned into a kind of 
leaf-shaped ornamont, resembling what appears to have been the upper lobe of the 
eiir in the previous figures; the eyes are brought down on to tlie nose. In fig, 8 
we have nearly the same figure as the last: the nose is divided in two ; the elon- 
gated ears arc drawn out square with the line of the nose ; the lozenge-pattern on 
the forehead is still preserved. In fig. 0 we see the same figure as in the last 
example, except that the triangular nose has merged into wliat, judging by the 
previous figures, appears to be the chin, or it may be mi'ndy an enlargement of 
the base of the nose. Fig. 10 represents a further change in this direction ; 
the lozenge-pattern and the ears are now gone, and the leaf-pattern is much 
reduced; the nose also has almost disappeared into tlie chin. Lastly, in fig. 11, 
we come to our Mahoniedaii emblem, or copy of the new moon. What is it? 
Who would have believed it was the chin of the human figure ? Yet so it is. It 
is the last vestige of a human face, copied and recopied until all trace of the 
original had been completely lost. We liave here a complete parallel to the trans- 
formations observable on the llritish coins, showing witli what (dose analogy the 
minds of men in the same condition of culture, though of widely different races, 
obey the same laws and are subject to the same causes of variation and continuitv 
in the development of their arts. Now, if we suppose the connecting-links whicK 
are exhibited in these figures to represent the connecting-links of myths, customs, 
religions, or languages, or any other productions of human ingenuity which are 
not embodied in material forms or committed to writting, it is evident they would 
have been lost ; they would not have turned up in cuiiosity-shops, or beenVought 
together side by side in an instructive seritjs. The theory of the spontaneous 
adoption of crescent-shaped patterns, by copying the moon, would have become 
estaDlished as an almost self-evident fact in our minds, and no one could for a mo- 
ment have seen reason to doubt it. 

In omitting all mention of Psychology and Comparative Anatomy, it must not 
be supposed that I am unmindful of the services which these studies may be ex- 
pected to render to our science hereafter. Nor is it unimportant to remember that 
Anthropology has its practical and humanitarian aspect, and that, as our race is 
more often Wught in contact with savages than any other, a knowledge of their 
habits and modes of thought may be of the utmost value to us in utilizing their 
labour, as well as in checking those inhuman practices from which they have but 
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too often suffered at our hands. These are branches of the subject into which I 
have no time to enter on the present occasion. I believe, however, that for some 
time to come prehistoric archteology, and the comparative study of the arts of 
races in different conditions of culture, must continue to hold a prominent place 
amongst the researches of anthropologists, not on account of the greater importance 
or interest attaching to the investigation of these subjects, but on account of the 
superior quality of the evidence which these studies aiford. 

The consideration of the value of evidence naturally h^ads us to the third part of 
my subject — namely, the mode of collecting it andot digesting it after it has been 
brought togeth(*r; and as this is, I believe, the most defe'cti\e part of our organiza- 
tion, or, to sp(*ak more properly, the part of our existing institutions in which our 
want of organization is most conspicuous, I had iaUmded to have spoken at greatcT 
length on this subject ; but its I have already trespassed upon your lime so long, I 
am under the necessity of curtailing wliat I had to sav on the subject of urganizaiion. 
If I am wrong, as I liave heard it siigg(‘ste‘d by some anthropologists, in supposing 
that tile gn'atest dilliciiHies under which we labour are attributable to the aoseiico 
of reliable evidence, and if we alnuidy possess as much information about savages 
and about prehistoric men as we require, and 'sve have nothing to do but to read 
the books in our libraries, and write papers calculated to promote discussion and 
fill journals with interesting controversies and speculations — if, as 1 gravel}' heard 
it ass('rted not long ago at a public nn‘eling, it would be a pity to explore Stone- 
henge for finir so remarkable a monument should be divested of that mystery which 
has always attached to it, owing to our entire ignorance as to its origin and uses, 
then to those who entertain such views the few remarks I shall venture to offer on 
this subject must appear not only superfluous but mischievous. Hut if, on the 
otlier hand, 1 am right in supposing that oiu* existing evidence is lamentably 
d(‘fieieut, and in many cas»*s false — that it has been eolh'eted by travellers many of 
whom have had but little knowb'dge what to look for and observe — and if, "this 
bediig the state of our knowledge, the evideiiee which we desire to obtain is now 
rapidly disappearing from the face of the earth (tin*- Ta'^manians have been 
sw<qit avv'ay before we know any thing about them; the Ne\v-Zi'aland(‘rs and all the 
I’olynosian-Islandcrs are fast enanging their habits ; and it is now dillicult to find a 
North -American Indian in a state of unadulterated savagery ; whilst at home our 
prehistoric monuments are broken up and ploughed dovvm day bv day in the con- 
struction of buildings and railroads), it is evident that a set ot S(»eioties which 
provide no organization wlnitever for promoting exploralnm at hoiiui or abroad 
can only be regarded as fulfilling very imperfectly the functions which institutions 
established for the purpose of antliropological investigation might reasonably bo 
expected to serve, hoyemd the limits of this Association there is but one Society 
in tliis country which has the funds necc'^sary for promoting explorations, 
and that is the Geographical Society. Every expedition which gO(^s out under the 
auspices of that Socit‘ty is neceswily brougiit in contact with the races in- 
habiting the districts which are explored ; but it can hardly be expected 
that the Geographical Society should do as much as could be desired m the 
way of promoting anthropological investigation, as long as Antliropology and 
Ethnology are exclude<l from the functions of that v^ociety. A Geographical 
Society should be regarded as the eyes and ears of an Anthropological Society 
abroa(f, in the same way that the Archmological Societies should fulfil tho 
functions of eyes and ears directed to the past history of man, and the most inti- 
mate alliance ought to exist between them. A step in the right direction has lately 
been taken, at the suggestion of Mr. Clements Markham, by the establishment of a 
joint committee of the Geographical Society and Anthropological Institute, to draw 
up questions for travellers whom it is proposed to send to the Arctic seas ; and this, 
it is to be hoped, will be the first step towards a more intimate alliance in the future. 
As to the Arcnmological Societies, wnose name is legion, and the functions of which 
are necessarily anthropological in a great degree, they are as a rule the most im- 
potent and unprogi'essive bodies, living from hand to mouth, with funds barely 
sufficient to maintain a secretary and to produce a small volume of Transactions 
annually; without the means of promoting exploration, they are dependent entirely 
upon the casual communications of members, the substance of which is sometimes 
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repeated over and over at^in in the different societies. These Archoeol epical Societies 
and others (which I do not particularize, because I am anxious tliat my remarks 
should not appear to be directed pointedly to any one of them) collectively provide 
libraries in the proportion of four or five libraries to one or two students who habi- 
tually read the books in them. When museums form part of the establishments, 
they succeed in collecting a stray Chinese umbrella or two, and a stuffed monkey, 
or a few bronzed implements in a case. Each Society has separate apartments pro- 
vided at great cost ; these are empty at least six days a week, and usually thirteen 
days in the fortnight, during the short period in which the session is helcl. One of 
these societies is in the possession of a magnificent suite of apartments, which are 
provided at the Oovernment expense, and furnislied with rows of tables and benches 
and a splendid throne for the chairman, in which I have occasionally had the honour 
to sit. It is to he hoped that whenever the power of psychic force, or the influence 
of disembodied spirits in vivifying inanimate bodies, comes to be more generally 
established amongst anthropologists than it is at present, these chairs and tables 
may proceed to deliberate and rap out archmological comuuinicatious to each other 
during the weary days and hours that the embodied spirits arc absent. Whenever 
any undertaking of national interest has been set on foot, such as the Bill for the 
Preservation of Prehistoric Monuments, proposed by Sir John Lubbock, inviting 
the united interest of these societies to bring it forward, the first inquiry has been 
as to which of these societies has had the credit of having originated the measure ; 
and if found to he tainted by the support of a rival society, it lias been at once re- 
pudiated, or only adopted after its success has with great difficulty been secured by 
other means. If we inquire what useful purpose is served by those divisions of the 
metropolitan societies, we are told that one is a society, another is an association, 
and a third is an institute ; and yet it does not appear that any one of these societies, 
associations, or institutes perform any special function which cannot equally well 
be served by the others. They constitute divisions of persons rather than divisions 
of subjects; instead of promoting division of labour, they serve only to promote re- 
petition of labour; and so ill do any of them answer the expectations of those who 
devote themselves to the close study of any one branch of archaeology or anthro- 
pology, that it has lately become necessary to establish an additional metropojitan 
society for promoting protoliistoric archaeology, under the title of the Society of 
Biblical Archaeology, embracing subjects which fall mainly witliin the domain of 
anthropology. Much as I should feel disposed to condemn the multiplication of 
societies under existing circumstances, I cannot but think that by promoting the 
close study of a particular brauch, the establishment of this Society is a step in the 
right direction ; and I therefore trust that it may be found to flourish at the expense 
of those which appear to have no special function to perform. As a prehistoric 
archaeologist, 1 can only add my humole testimony to that of others who think that 
this branch of anthropology is very unsatisfactorily dealt with by the metropolitan 
societies in which it is discussed. On a recent occasion, when speaking on this 
subject, I compared the position which prehistoric archa3ology now holds in the 
London societies to that of a poor relation. 1 might, perhaps, extend the simile 
further by saying that, like many poor relations, it is also the most agreeable rela- 
tion, and though duly snubbed in accordance with the orthodox custom in like 
cases, its services will not be willingly dispensed with, as it furnishes sensational 
topics for not less than six societies in London at the present time. The discussions, 
however, are for the most part confined to the most rudimentary branches of the 
subject, and but little importance attached to details, because the principles are not 
unaerstood. Quite recently this happy family has been increased by the birth of a 
fine child, under the title of an Historic Society ; and I observe that, by way of 
specializing the functions of this Society, it commenced life with a paper on Pre- 
historic Man. But there are no signs of any limitation to this improvident child- 
bearing ; it is announced that a Psychological Society is confidently expected. No 
one would be more disposed than myself to welcome psychology as a special branch 
of study if this family of gutter-children is to go on increasing ad libitum ; but it 
will be admitted that a Psychological Society of all others is liable to grow up 
scatterbrained if completely severed from the influence of its more experienced 
kinsfolk. 
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But I have said notliin<^ as yet about the country cousins. If th^ heads of the 
families are such as I have endeavoured to describe them, what must the country 
cousins be ? I have spoken of the ffutter-childrcii of the metropolis; but we must 
follow the gutters into the sewers before we can form a just estimate of the con- 
dition of the local societies; and yet I believe that with a very small amount of 
organization the local societies are capable of performing the most important func- 
tions in regard to at least one branch of our science. It is hardly necessary for me 
to observe that my remarks apply exclusively to the question of organization, and 
cannot for a moment be supposed to have any hearing on the abilities of the indi- 
vidual members, amongst whom are included many very able men ; but we all 
know that the best army in the world may be reinl(‘red impotent tli rough defective 
organization. The conditions under which local societies are f'stablislied ar^i in- 
compatible with a very higli standai'd of eflhuenev in any special (iepartment of 
science ; owing to the very various qualilicationsof a small body of members, their 
proceedings must necessarily be misccdlaneoiis ; but they are usually supported by 
local interests, which may bo of the utmost value, and are often indispensable in 
promoting the exploration of local preliistoric «antiqiiities, and they only require 
the grestige derivable from a national organization to render them elHcient in tliis 
resj^ect. As it is, local societies have often reason to complain of the metropolitan 
societies, which draw same of the best correspondence from the counties and give 
but little in return. 

I trust that I have made it apparent that anthropology in its various branches 
includes some of the most popular and widely disseminated scientihe interest of the 
country, and that the loss of power is enormous ; not only is there no means of 
organized exploration, hut the information which is published is either repeated 
over and over again in the ditfereiit societies, or it is so scattered as to be beyond 
the reach of the majority of the students. They labour also under the disadvan- 
tage of being siipportt'd chielly by men of small means; for the well-to-do classes 
in this country do not, as a rule, take any intero'^t in either scientilic or anthropo- 
logical investigations. During the past year a .^single American has done more in 
tlie way of anthropological exploration tliaii the whole of the English societies, 
institutes, and associations together. 

I will now brielly state my views as to the remedies for the evils of which I 
have spoken. I am averse to the principle of amalgiimatioii : the most active 
members are not always the most enlightened; narrow views are often the most 
pronounced, and if they become dominant are liable to bring down the standard of 
an amalgamated society instead of enlarging its sphere of usefulness ; besides, this 
amalgamation necessarily entails a certain loss of iucoiiio by the loss of double 
subscriptions. 

If mv experience as a member of the council of most of the societies of which I 
speak does not deceive me, it should be the object of those who have the progress 
of anthropological studies at heart to induce the metropolitan societies to specialize 
their functions. The following might then become the titles of the varioas so- 
cieties included under the term anthropology ; and tliey would represent not only 
the natural divisions of the science, hut practically the divisions which are most 
consonant with the organization of the existing societies. Setting history and his- 
toric archneology aside ns beyond our province, we should have : — (1) Proto-historic 
avcha 3 ology ; I adopt the term proposed by Mr. Hyde Clarke for this branch, which 
practically includes all that comes under the head of Biblical Archaeology at 
present; (ll) Prehistoric Archmology ; (3) Philology; (1) Biology, including 
Psychology and Comparative Anatomy, m so far as it relates to Man; (5) 
Descriptive Ethnology, viz. original reports of travellers on the races of man, 
conducted in association with geographical exploration, lender these heads 
we sliould, I believe, include all the various classes of special workers. These 
should constitute independent, but associated societies — that is to say, the 
members of one should be privileged to attend the meetings and take part in 
the discussions of the others, but not to receive the publications of any but 
their own society. By this means each would prollt by the experience of the other 
societies, but the funds necessary for the maintenance of each would bo secured. 
As branch sections of anthropology they would be under the control of a general 
1872 . ' 13 
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elected council only in so far as would be necessary to pi’event their clashing with 
each other, and for the control of any measures which it might be necessary for 
the several sections to imdertake in concert; under the auspices of the general 
council might also be held the anthropological meetings devoted to such general 
subjects as either embraced the whole or were not included in the sections. By 
this means the standard of anthropological science as a coinnreliensive study of the 
science of man in all its branches would be secured, and the possibility of its 
becoming narrowed under the influence of any dominant party would be obviated. 
It is hardly necessary to say that the chief advantage of such an arrangement as I 
suggest would consist in the employment of a single theatre and library for these 
cognate societies ; they would employ a single printer, and the arrangements might 
include one or more artists, lithographers, and map-drawers^ by which a great 
increase, and at the same time economy, would be effected m the illustrations. 
The saving effected by the union of these societies in a single establishment might 
be applied to conducting explorations, either at home or abroad, in connexion with 
the Geographical Society. The question of the utilization of apartments is one 
which commends itself especially to the notice of Government in regard to tlioso 
societies for which apartments are ]^rovided at the public cost. It should be made 
a sine qud non that the societies so lavoured should fairly represent all the branches 
of their subject. 

As regards the local societies, it has been proposed to republish a selection of 
their papers under the auspices of this Association. It is to bo lioped that some 
arrangement, such as that proposed by the committee of wliich Sir Walter lOlliot 
is secretary, may be carried out. I have only one suggestion to make on this 
point: republication is simply a repetition of cost and labour, if the desired object 
of bringing the papers together can be accomplished by other means. As to selec- 
tion, I have no faith in it. If local and metropolitan societies could be induced to 
adopt a uniform size for their publications, not necessarily a uniform type, the 
papers relating to the same subjects might be brought together without the cost of 
reprinting. It would only be necessary to establish a classification of papers under 
various headings, such as, for example, those which constitute the sections of lliis 
Association. The societies might then print additional copies of tlioir papers under 
each heading, in the same manner that additional copies are now struck off for the 
use of authors. A single metropolitan society miglit be recognized as the repre- 
sentative of each branch, and uncler its auspices the wliole of tlie papers of the local 
and metropolitan societies relating to its branch might be brought together and 
printed in a single volume. Time does not allow me to enter into the details of 
the arrangements which would he necessary to carry out such a measure. I believe 
the difficulties would not bo so great as might at first sight appear, especially as 
the evils of the existing arrangements are much complained of ; but it should be a 
primary object of any arrangement that may hereafter be made that the independ- 
ence of the several branches should not be sacrificed unnecessarily; it should be 
endeavoured to stimulate them and train them into useful channels rather than to 
bring them too much under central control. 

My object in making these remarks has been not so mucli to bring forward any 
special recommendation of my own as to ventilate the matter amongst those of the 
public who take an interest in these studies, but who are not so intimately con- 
nected with the present working of the societies as to have any personal interest in 
them; and I trust that the importance of the subject will be thought to justify me 
in having brought it to the notice of the meeting. 

It is to bo hoped that whenever, as anthropologists, we parade for Dr. Living- 
stone’s inspection (without, I trust, adhering too cdosely to the costume wliicli he 
has suggested for that occasion), it may be found that if we cannot compete with 
his friends the anthropophagi in point of bone and muscle, in all that relates to 
organized division of labour and mutual cooperation we may not be found wanting 
in that superiority to our letters wliich might naturally be expected from the 
advanced civilization which we enjoy. 
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On the Predominating Danish Aspect of the Local Nomenclature of Cleveland, 
Yorkshire, By the llev. J. C. Atkinson. 

A careful study of the place-names in Cleveland has led the author to the general 
conclusion that upwards of 80 per cent, of the genuine old forms in this district 
are certainly of I)anish origin. It appears that only a few of the ancient local 
names can be referred to Anglian sources; in fact the Anglian element in Cleve- 
land history may have been altogether subsidiary. 

From an analysis of tlie names of places^ as preserved in the Domesday Book and 
in writings of more mediseval date^ the author finds hO names ending in -hp Id in 
•thoip, 12 in -ihiraitcy 31 in -dalcy 14 in -tmiy 7 in ~yrif 8 in -cliff or -chre, 3 in 
-hory or -hxtrgy besides about 63 not specially classed ; nud from the early dale of 
the occurrence of these names hardly 1 in 60 admits of any doubt as to its essen- 
tially northern origin. In addition to these, there is a very Inip^e number ot names, 
belonging to the classes in ^chih and --clif and to the groups in -rnjg, -fttke, -holmf 
-kehly -sti/y -tvrjkey -trathy &c., wdiich are not included in tlie author’s lists because 
there is no documentary proof of their imposition previously to mediaeval limes. 
It is almost certain, too, that not a f*w of the names in -ton tfcc. have a northern 
origin. On the whole, out of something under 260 Cleveland names, dating back 
to mcdiffival times and yet earlier, upwards of 210, or considerably inore than 80 
per cent., must unhesitatingly be ascribed to a Danish as contradistiiiguiebed from 
an English or Anglian source. 


Kvplorailon of some Timuli on Dartmoor, By C. Spence Bate, F,B,S, 

The tumuli on Dartmoor are generally cairnsof stone. Threo of these wore explored 
on IVnhencon, and a very large oiu' on Threebarrow lor, Ihe whole ot those ap- 
peared to hav e beem prc'v io\i>l\ rummaged. In one ol those on Denbeaconthc remains 
of an urn of coarse potteiT were found scattered about, and tlu* kistvenn bad the 
capstone fallen in ; amongst the soil within was found an implement of along oval 
form, made out of white slate. The author believed this, froin its w()rn appearance 
at the ends and sides, to have been made use of by the poltn* in loiniing the rudely 
shaped urn, such pieces of slate being still in use for that pin pose in some parts of 
Ireland. 

On Hamel Down are several tnmiili that diller from those of Dartmoor generally. 
Among tliese were three built of earth only, margined round by small moorland 
stones. This neighbourhood being associated with such Scandinavian names aa 
Grimm, Hamel, A'c., the author thought that an explorntion of these barrows 
might throw some light as to whether or not those old A ikingor visited Daidmoor 
for tliat tin which was essential for the maiiulacturo ol their bronze. 

In the barrow, after removing a large quantity of earth, about halfway between 
the circumference and the centre, five large stones w(‘re found lying side by side on 
tlie surface of the ground ; beneath tme of these stones wore found some burnt bones 
and a bronze dagger-blade ehnsed with lines along the sides and vvitli dots at the base ; 
an oval omament of amber inlaid with gold tits in lines corresponding with the 
longer and shorter axes. 

This feature in the interment, together with the circumstance that the burnt 
bones were not enclosed within an urn, ohbr strong evidence, the author contends, 
of the intrusion of the old Norsemen into these regions in a very early stage of the 
Bronze period. 


Note on a Visit to the Jlypogaan, By J. Campbeix, of Islay. 

The author read extracts from his diary, descriptive of a visit to the hypogeuni 
on October 4, 1871. His description was illuslialtd by several sketches, and 
agreed substantially with that of Mr. Ounuichaol. A box of bones was taken 
from the spot by tlie author and submitted to ITofcssor Ov\Tn. 


13 * 
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Notes on the Looshais. By Archibald Campbell, M,D, 

For a lon^ time the Looshais were best known to U9 under the name of Kookies, 
and it is even now not quite clear how far the two terms are properly convertible, 
or should be used to designate separate tribes or the divisions of one tribe. 

The Looshais inhabit the hill-tracts of Chittagong and those adjoining that 
British province, whence they extend north and north-east till they reach Cachar 
on the one hand and the frontiers of Burmah on the other. Tliey form one of the 
numerous tribes generically known as the Tounytha^ or Children of the Hills. 
Their complexion is fairer than that of the people of the plains ; their features 
resemble those of the Malays more than the Tai*tar-faced people of Munipore ; 
and their lan^ruage is said to be remarkable for euphonic sweetness compared with 
the harsh and guttural dialects of the Tartar races to the north. 

The Looshais dry and preserve their dead; they have no distinctions of caste ; 
marriage is a civil contract dissoluble at the will of the parties concerned, and there 
is no prohibition against the marriage of widows. The men live by liuntin^ and 
marauding, while cultivation and all household work is left to the women. They 
live in log-houses on the ridges of the hills, and know enough of iron- working to 
make spear-heads and fish-hooks. 

Hitherto the Looshais have been known only as a savage and murderous race ; 
but the author quoted from the recent official reports of Brigadier-General Brown- 
low, C.B., Brigadier-General Bourchier, C.B., and Mr. Ihirland, who accom- 
panied the expedition against the Looshais, to prove the excellent char.acter of 
their social organization, the mildness of their disposition, their general intelligence 
and industry, and their aptitude for trade. The author expressed a hope that the 
Looshais would, in the progress of tea-planting in Cachar, bo induced to adopt its 
cultivation in their own hills, and would also join the coolie bands working in the 
British districts. 


On a llyjpogcim at Valaquie, North Uist. By A. A. Carmichael. 

In this ^aper the author described an underground dwelling at Druim-nali-Uamh, 
in Valaquie, on the north-west coast of North Uist, one of tlie I febrides. Although 
the structure was discovered ten years ago, but little was done to ascertain its 
real nature until last year ( 1871 ), when the author caused the sand, which nearly 
filled the building, to be removed, and thus exposed the true form of the hypo- 
geum. On the fioor of native sand a large quantity of bones, teeth, and shells was 
found : the bones were chietly those of the deer, ox, pig, and sheep ; the shells 
were those of the limpet, mussel, cockle, and periwinkle, with a few broken scallop- 
shells. Mingled with these K'niains were charcojil ashes, broken pottery, the tine 
and antlers of the red deer, and tlie upper half of a small quern. 

The ground-plan of the hypogeiim is crescentic. The walls run parallel to encli 
other, and two stone lintels cross the liouse from side to side. The west end is at 
right angles to the sides, while tlie east end is curved. A dome roof is raised hy 
overbipping stones, terminating in a cap, and giving the roof the appearance of a 
flattish oeehive. The entrance is near the middle of the inner wall. There are 
four recesses in the walls. 

The form and position of the liypogoum are peculiar ; but the author points out 
its general resemblance to a structure on Mr. James Maepherson’sproperty, described 
by the late Sir David Brewster. 

On Sussex River-Names. By Dr. Charxock, F.S.A, 

The paper gives the etymolog}^ of the principal Sussex river-iinmes. After a 
dissertation on the rules relating to etymology, tJio author shows that most of the 
names coincide with other European river-names, that many arc etymologically 
the same word, and that most of them have been named fiy the Kelts, either 
from a pure Keltic root or from a word corrupted hy thorn from the Greek or 
J^atin. Among other names traceable to the same root are Adur, Ilotber, Ouse, 
Asten, East[boume], and Bitch. 
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Chx certain Geographical Names hi the Counfij of JSusse.w 
By Dr. Charnock, F.S,A, 

^ Among other names, the paper attempted the etymology of tlie following ; — 
Fairlight may translate in Saxon beautiful meadow (fagex'-leoy)^ hut is more pro- 
bably tho same as the Englisli local names Farley, Farlie, Farlcigh, from the 
Danish-Saxon /f/r7r-/ecr(7, sheep’s meadow. The author discards the usual etymo- 
logy of Hastings, and giyoa two suggestions, viz. from Danish hest-cng^ horse 
meadow, and Asten-erffe^ meadow of the Asten, a str(>am which runs through the 
battle-field. Framficld is for Frantville, etymologically the same as Frant, which 
gave the ancient appellation of Frant "VVells to Tunbridge Wells; from Danish 
vanclj water. The ancient name Senlac is from scen-lcaijy beautiful meadow. The 
author compares Aderida with Anderitimn in Senonia Lugdimensis, Andetrium 
in Illyria (Ine Andretium of the Peutinger Table), and also with the Anderitum of 
Bavennas, a town of Afjuitanian Gaul (now Javols in the Gevaudun), vhich the 
author derives from Keltic annedd-ar-ridy a dwelling near a passage or ford. Mutu- 
antonis may be from mant^an-touy mouth of the water, or imcth-ant, rapid river. 


Jloxtmanian Gipsies, By Dr. Charnock, F,S.A, 

By the census of 1800 the Poumanian gipsies are put dow’n at 300,000. They 
are well-fornn‘d and long-lived. There are, however, many cripph.s from artificial 
causes. Th(‘y arc adroit in worh, hut work very little, and jpass wdiole days in 
sh'op. They are fond of carrion, and are great cowards. Chastity is scarcely 
known. Their ordinary diet is a polenta of maize called mdmdliya. Men, w’omeu, 
and children smoke from the age of fn o. The native dance is the tihiand. ]Most 
of tlunn have fixed rcsidciUM S. The Vatras.'-i ela.-s are all well built, have beauti- 
ful ])lark eyes and long black hair. On becoming motheis the w’omcn arc very 
ugly. The people have entirely forgotten tlieir native language, and haw lost the 
manners and usages of gipsies, d'he best musicians aie found anionpst them. 
Seme are (‘ngaiiod in agriculture, and they are more civilized than the Boumaniau 
peasants. 

Tlie paper concluded witli full remarks on the grammar, and a comparative voca- 
bulary of the dialect wdtli other gipsy dialects and also with the Indian languages. 


On the Gipsy Dialect called BlmF By Dr. Chaunock, F,F.A, 

The dialect in question is spoken by Egyptian gipsies in the presence of stran- 
gers and for secrecy. The author traces most of the words to the Arabic, con- 
cealed by prefixes or suffixes and sometimes by both. Tho l^igyptian suffix ish 
(under >arious forms) is foimd in a groat many w ords. Other .'^ullixes are miy ??ia ; 
and (Ihy eh are used as prefixes. The paper contained many examples, including 
numerals. The word >Sini is probably from tFsimiydy for el Kmiydy secrecy. 


On the Eihnoloyical and Vliiloloyieol Jlelaiions of the Caucasus, 

By Hyde Clarke. 

This paper communicates the further reseoi’ches of Mr. Hyde Clarke on the 
classification of the languages of the Caucasus. It id(*ntilies : — (1) tlie Ude with 
the ancient Egyptian and Coptic ; (2) the Ahkhass wuth the Agaw, Ealasha, &c. 
of the Upper Nile; (3) the Circassian w’ith the Dravidian ; (4) the Georgian, 
Lazian, ana Siuan with tho Caucaso-Tihetan. The Ude and Abkliass are con- 
iieeted w’ith the statements of Ilerodoliis (Book II.) ns to tlie hlgyptian colony 
established in Colchis by Sesostris. Mr. Hyde Clarke observed that tlie ('aucnsiis 
w as not a centre of population for the world, hut a place of passage, and show^ed 
tlie relations of the A okhass (Agaw) and Circassians w itli their congeners in Europe, 
Africa, Asia, Australasia, and America (Omagua, Gnarani), illustrating tho common 
population of the new and old world, and tho knowledge of America by ancient na- 
tions, dimly preserved though not understood by the Greek and Boman geographers. 
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On the Mangncma or Manyema of Dr, Livingstone, By Hyde Clarke. 

The author identifies this population with the Niam-Niam or Nya-Nya of the 
White Nile, as cannibals, with saw- teeth attd the same ethnological characteristics. 
He referred to the statements that some of the men have n deformity of the os 
coccygis. 


On TumtiJi at Asclieraden in Livonia, By Charles T. Crooeu. 

(Communicated by Baron N. C. Bogouschovslvy.) 

In 1837 a fearful inundation laid open, near Aseheraden, — so called, perhaps, 
because the Ask-men (navigators) used to put up their boats (Ask) in this place, — 
in Livonia, the contents of some tumuli. 

In most of these the following objects were discovered : — Bodies lying with faces 
upwards, the arms placed crosswise on the breast and ornamented with spiral-shaped 
bracelets ; some of these were dressed in a linen sliirt made out of very delicate 
strings fastened together ; over the shirt a woollen overcoat of a greenish-brown 
colour, with metallic wire interwoven with the cloth, tlie whole tied round the 
waist by a leather girdle fastened by means of a metallic brooch. Breeches (in some 
cases of cloth and in some of linen) fastened under the knees, and on the finger- 
bones brass rings. The head ornamented with a bandage (sometimes perfectly 
smooth, sometimes pressed into the shape of a zigzag) ; also a kind of cap mado 
of spiral rings, which, being fixed on woollen bands, terminate in a point. 

The ornaments on the neck consist chielly of strings of glass and amber beads 
and gilded or silvered balls of claj". From the shoulders to the knees hang roWs of 
chains (sometimes ninefold) covered with amulets in the form of birds, or with 
household implements, such as keys, knives, &c. Spears with points ornamented 
with silver, sheaths for arrows made of the bartc of trees (such as bindioa) 
fastened together by bands of metal, &:c. Very few iron swords were discovered, 
but a large quantity of coins, of various ages, were found witli the bodies of warriors 
only. Among the coins were some (Irec'k coins from Thasos, Iloinnn coins from 
the third century b.c. down to Emperor Valentininii, Anglo-Saxon and Danish 
coins from the earliest times down to the twelfth centurv, (terinan coins from the 
time of Otto I. to the eloventli century, coins of Wisby, and .Vrabic Dyrrhems from 
757 to 1011 are very common, 

Note by Baron N. C. BoGorscHEvsicY. 

Tojudgo by the general appearance of these bodies, their dress, and the detestation 
which the inhabitants of the country entertain even at the present time for 
sepulchres, calling them the sepulchres of monstei*s,” they do not belong to any 
of the Tchudic, Sclavonic, or Wend nations, but to the pilfering Northmen, who 
made continual invasions into Greece, Constantinople, &c., very often choosing (as 
can be seen from M. Kammzin’s ^lisi. of the Russian Empire’) this road, through 
the rivers Dwina and Dnieper into the Black Sea, and then following the west 
coast as far as Constantinople, but very often proceeding further, into the 3Iedit«n*- 
ranean, &c. As they came back by the same road, they left numerous traces of 
their passages iu the shape of tumuli, rows of which cover the wliole length of 
country between Livonia in the north and the delta of the Dnieper in the soutli, 
and hidden deposits of Asiatic, Homan, and Greek coins, wliich in some cases of 
danger they were obliged to secrete, and afterwards were either prevented from 
returning to these deposits by various adversities, or perished on the way home, thus 
carrying their secrets with them to the grave. 


Beport on the Victoria Cave^ explored by the Settle- Cave- Exjdoration Committee, 
By W. Boyd Dawkins, M.A., F.R.S,, and R. H. Tiddeman, M.A., F,G,S, 

Part I . — The ArchcBological and Zoological liesults. By W. Boy^D Dawkins. 
Both ^ologically and historically, the results of the labours of the Settle-Cavo- 
Lxploration Committee in the Victoria Cave diudng the last throe years are of 
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great importance. The cave is situated to the nox-th of Ingleborough, and consists 
of several large chambei's, often nearly tilled up with earth and stones. The Com- 
mittee began work bv cutting a trench through a layer of stones broken from the 
did* above ; it proved to bo resting on a dark layer composed of burnt stones and 
bones, fi'agments of pottery, and a few Homan coins. On following this lay(!r 
right into the cave, several bronze-gilt ornaments, of Roman workmanship, were 
found, and others which certainljr were not Roman, but which bore a strong 
resemblance, in design and execution, to Irish or Celtic works of art preserved in 
various museums. The Celtic short-honi, the goat, horse, and pig seem to have 
been the principal food of the dwellers in the cave, from the great quantity of their 
bones winch were discovered. 

The strange mixture of articles of luxury and ornament in so wild a place seems 
only accountable by the supposition that the chxq was inhabited, os a place of 
refuge, by some well-to-do Romaiio-Celtic family, who carried oil* with them into 
their place of rcti’eat many of their valuables, cattle, and other property. The 
date of this occupation seems to lie between the fifth reiitury, ivs bhown by the 
barbarous imitations of Roman coins, and the first quarter of the seventh centur}', 
wlien the kingdom of Strathclyde was conquered by the Northumbrians. Rut, be- 
sides this, evidence was found of a much older occupation. Underneath the Roniano- 
Celtic layer, at the entrance, pieces of chipped flints, broken bones of ox and bear, 
and rude bone implements prove that man inhabited the cave at a lower level, 
and therefore before the accumulation of the talus on it. 

The grey clay on which these more ancient traces of men rested oflered a serious 
obstacle to further examination, since it was more than five and twenty feet in 
tliickiiess within the cave, and contained no remains of men or of animals. 
The Oommittee did not, stop here, however, in their work. They have lately 
sunk another shaft, and have been rewarded for the groat labour of this last enter- 
prise by the discovery of a still older occupation of the cave by hyienas ; their 
broken bones, tooth, and coprolites show that they must have lived there iu large 
numbervS, and the gnawed bones of rhinoceros, cave-bear, mammoth, reindeer, 
kc. show on wluit animals they ])revt‘d. It is very probable that these remains be- 
longed to animals that inhabited Yorkshire in the pr*'glaeial stage of the Ideisto- 
cene period, and that the stratum above the cave-earth is of glacial age. The fauna 
to which they belong invad(‘d Europe before the refrigeration of climate that cul- 
minated in the ice-slioet of Northern bhiropo, and remained in the area north of the 
Alps and Pyrenees (fflcr the ice-sheet had disappeared from the lower ground. 

Part II. — The Physical History of the Deposifs vi ihe Victoria Cave, 

By R. 11. Tiddkman, M.A.j F.G,S,^ 

The cave was described as consisting of three principal cliambers — a central 
one running N.N.E., about 40 yards long, and two others branching off from it to 
the right and left. It is probable tliat these chambers are really but one cavity 
tilled with material up to inequalities in the roof which now separate Ibo 
chambers, for the tloor has never yet been reached. 

'J'he deposits wore described in order of succession, beginning at the surface. 

No. i, The debris at the entraneo is still forming and is undoubtedly derived 
from the cliffs above by the frosts of successive winters. The author was of 
opinion that no trustworthy calculations of absolute or relative time could be 
based upon the thickness of this deposit, the rate of its formation being 
evidently far from regular. 

S(ivcral lloors of occupation are interbedded with this outside the cave, and 
inside they Ho iinconformably on the surface of the lower beds next to be de- 
scribed. They have been treated of fully by Mr. Dawkins. 

No. ii. The entrance debris graduates below almost imperceptibly into a yellow- 
ish-brown clay full of angular fragments of limestone, with occasional beds of 
stalagmite. It is thinner at the entrance, but inside attains a thickness of 10 or 
12 feet. Large masses of limestone lie on its surface, which have evidently fallen 

* For fuller details and later discoveries, sec an article by the author in the * Geological 
Magazine,’ vol. x. p. 11 (1873). 
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from the roof. The fragments are angular; and show no signs of rolling or glacial 
scratches. 

No. iii. Below this Upper Clay-with-stones, wherever penetrated, we find a thick 
bed of fine dark-brown laminated clay. The laminations are very distinct and 
tolerably regular ; the clay flakes oft* along the planes of bedding, tne alternations 
consisting of excessively tine sand and tenacious clay. 

It dips steadily towards the inner part of the cave, having an inclination of 
about 1 in 9, rather more than G°. It shows a thickness of 12 leet in a shaft sunk 
in the left-hand chamber. 'SVith acid it eft'ervesces freely, losing about 8 per cent, 
of its weight. Though very well adapted for preserving organic structures, it has 
not yielded a trace of any organism even to the microscope. 

No. iv. The lowest set of beds yet attained comes next in order of descent. 
They are in all respects similar to No. ii., the Upper Clay-with-stones, save that 
in them, near the entrance, at a depth of about 10 feet from the base of the lami- 
nated clay, the group of older mammals, as mentioned by Mr. Dawkins, was 
discovered. 

The origin of the dehm at the entrance is clearly siihaerial, and it must all of it 
be postglacial, for any glacier passing down the valley would infallibly remove it. 

The similarity of the deposits ii. and iv. is so great that there can be little 
doubt that they were made under similar conditions and are due to similar 
causes. The angularity of the fragments and the absence of distinct bedding, 
save where stalagmite occurs, forbid us referring them to the sea ; nor can they 
he referred to a river, for any stream of snflicient strimgth to bring the blocks 
would certainly have sorted the materials. It is not likely that they are glacial, 
and have been pushed into the cave from the side of an advancing glacier j for then 
they would have exhibited some scratches, which is not the case. It seems more 
probable that the stones have fallen from the roof, and the clay has been introduced 
by water in small volume coming down through crevices in the limestone and 
forming, where conditions were favourable, beds of stalagmite. 

In direct contrast to the beds above and below, the laminated clay shows the 
greatest regularity of structure. 

If it were marine, it seems unlikely that in so good a preservative medium no 
fragments or fibres of organisms should bo found ; nor against a rocky beach would 
it consist of such fine material; also, we should not exp(‘ct to find it dipping away 
from the sea, but towards it or lying horizontal : neither liave wo anywhere in the 
district, for miles around, any indisputable evidence of the sea having been at so 
great a height (1450 feet) during or since the glacial period; nny brook flowing 
through the cave at so high an angle would not deposit tine mud hut remove it. 

The author suggested that the moraine rubbish of a glacier or ice-shoot at some 
time blocked the entrance *, that water charged with mud by the constant grinding of 
the glacier trickled through into the cave, and that tlui frequent change from 
daily floAV to nightly inaction gave rise to that close lamination in the deposit 
which is its characteristic feature. 

This explanation of the glacial origin of the laminated clay was suggested to 
the Settle-Cave Committee, in a report in the spring of 1871, by the author. 

Since then he has found in a shaft sunk at Ingleton, a few miles to the N.W., 
under 39 feet of till, laminated clay undistinguishahio from that in the Victoria 
Cave, save in the presence of a few well-scratched small boulders and th<i 
crumpling of the beds. He considers it probable that this laminated clay was a 
dt'posit from glacier-water in some quiet hollow beneath the edge of the icc- 
sheet or its waning reproseiitativc. 


On the Primitive JVecq?ons of Ancient Inclia» 

By Sir AYaiter Elliot, KC,IS,L, F,LB. 

The earliest known inhabitants of India are now only found in their original 
unmixed state on the mountainous plateaux of Central India, on the Kajmahul 
Hills ill the north, and in some other secluded situations; but their descendants 

* This suggestion has since been confirmed (Geological Magazine, vol. x. p. 15, 1873). 
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are largely intermixed with the people of the plains, especially among the lower 
castes. 

^ Most of these speak dialects of the Dravidian tongue, and in their hunting-excur- 
sions make use of a curved stick, which th^ throw with great dexterity, the con- 
cave edge being directed to the object. Hares, birds, and even deer are killed 
with them. 

From this primitive form many of the modem metallic weapons appear to have 
been derived, such ns the coorg knife or axe, in general use on the Malabar coast, 
the kukri of tlie (Jurkhaa, in Jsepal, and the common woodman’s knife 
throughout India — all of wliich are curved and have the cutting-edge on the 
concave side. These knives, or choppers, arc also used as instruments of sacrifice, 
with which the heads of the a ictinis, ca en of the buflalo, are often severed by a 
single l)low. 

Prof. Huxley, in liis fourfold classification of the varieties of the human race, 
has found what he terms the Australoid division to be represented by the Austra- 
lians proper, the Hill tribes of Central India, and the Ancient Egyptians. Now it 
is remarkable that among all these the throwing-stick is or has been in use. The 
boomerang of the Australians is well known ; a similar weapon is depicted in the 
hunting-scenes on the walls of the tombs of the kings at Thebes, and in India 
it is found to be still in use by the inhabitants of the wilder districts, the de- 
scendants of aboriginal races. 

Such coincidences can hardly be accidental, and they afford a remarkable sup- 
port to a deduction drawn from totally difleront priunises. 

The Egyptian throw-stick,” according to iSir Gardener AVilkinson, which ho 
found represented on the sculptured walls of temples, is still in use among the 
IIes(‘rt Arabs, and is a formidable weapon in their hands. The Kaffir club made 
out of the long horn of the llhinoccros may be of similar origin. 


On the Ali-iliahct and Us Orh/in* Bg John Evans, Esq.y F,B.S,y F.S.A., 

After mentioning the labours of Gesenius, I)e Rongd, and Lenormant on the 
Continent, Professor Hewitt Kev, Professor Pawlinson, and Mr. E. B. Tylor in 
England, who had, as well as olliers, done much to throw light on this field of 
researeh, the author treated the subject under three heads : — 

1. As to the origin of writing and the method of its develojmicnt in different 
parts of the globe ; 

2. As to the original Alphabet from which that in common use amongst ns was 
derived ; and 

.‘h As to the history and developmeut of that original Alphabet. 

So mysteiioiis does the power of conveying information to otliers by' writing 
appear to savages, tliat tbev regard written documents as no less than magical, 
and have been known to hide them at the time of committing a misdeed which 
they feared might be discovered by their means. Yet many of those in the lower 
stages of ci^iIiza^ioll have some ideas as to pictorial records. 

The cave-dwellers of the south of France at a time when the use of metals 
•Nvas unknown, and when reindeer formed one of the principal articles of food in 
that part of the world, possessed considerable powers of drawing and of sculp- 
ture. On some of their bone instruments iigures of animals are engraved, which 
possibly may to tin* original owners have convoyed some reminiscences of scenes 
tlioy had witnessed when hunting. Among tlie JOsq^uimaiix such records are fre- 
quently carved on tlieir weapons, and the taking ot seals and the harpooning of 
whales are often depicted. Gapt. Beechey says tliat he could gather Irom these 
representations a better insight into the ha)hts of tlic people than could he obtained 
from any signs or other intimations. 

Among the Nortli-American Indiana the system of picture-writing has been 
more fully developed, and numerous instances arc recorded in Schoolcraft’s ^Indian 
Tribes.’ 

In Mexico the art of pictorial representation had at the time of the Conquest 
been canied to great perfection, The bulk of the pictures, however, merely re- 
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present wars, migrations, famines, and scenes of domestic life. They wore, more- 
over, able to record dates by means of an ingeniously devised cycle, and had 
some idea of attaching a phonetic value to their symbols. 

In Peru, though some sort of hieroglyphic writing appears to have been known, 
the chief substitute for writing was the Quipu or knotted cord. This consisted of a 
main cord with strings of different colours and lengths attached. The colour, 
the mode of making the loons, knots, or tiifts, their distance from the main cord 
or from each other, had all of them their meaning. Each Quipu had its own 
keeper or interpreter, and by their means all public accounts were kept. The 
Wampum in North America was of somewhat similar character, and in Polynesia 
also the same sort of Quipu is in use. 

There is a tradition among the Cliinese of a similar system of recording events 
by means of a knotted cord ha\ing been in use among them previous to the inven- 
tion of writing. The Chinese system of writing, though far superior to that of 
the Mexicans, is still not alphabetical, but syllabic. At the outset the characters 
seem to have been pictorial ; but the representations of the objects have now be- 
come so much conventionalized and changed, partly in consecj^uencc of the method 
of writing by means of a brush, that there is much difficulty lu recognizing them. 

With a monosyllabic language, the words of wliicli are of necessity limited in 
number, one sound has often to represent more than one sense, and the Chinese 
characters have therefore been divided into phonetics or radicals — those which 
give the sound, and the classificatory or determinatives, or those which give the 
sense. 

Tlie Egj^tian hieroglyphics present much analogy in character with the Chinese 
method of writing. In their earliest form they seem to have been principally pic- 
torial, though also at the same time symbolic. The next stage would appear^ to 
have been syllabic, when a certain sign represented a syllable, though often with 
a second more truly literal sign affixed, denoting the final consonant of the syllable. 
To prevent mistakes, the signs representing words wen? often accompanied by otlier 
signs, which wore merely determinative of the meaning. Thus throe horizontal 
zigzag lines representing water, showed that tlie previous symbol designated some- 
thing connected witli lifj[uids — or two legs walking, tliat the word bon' rofeivm'o 
to locomotion. Many hieroglypliics, however, appear to be purely literal, though, 
in the case of consonants, often having some vowel sound implied. These literal 
hieroglyphics stand for the initial letters of the objects or ideas they repr(‘sent : 
for instance, a goose flying is the equivalent of P, the initial of Pai, to flyj an 
owl stands for M, the first letter of Aluhufy the Egyptian name of the bird. 

The more careful pictorial representations of tlie objects siicli as are to bo seen 
in sculptured hieroglyphics and in formal inscriptions r(3quirod, liowever, too much 
time for their execution to he adopted as an ordinary nit‘ans of writing. In conse- 
quence the signs became convontionalizc'd, and the salient characteristics of the 
object were seized on for the more cursive form of writing known as the hieratic. 
From this, again, was derived the writing known as demotic, in which nianv of Iho 
symbols have become so much changed and simplified that it is with difficulty 
tnat they can be identified as descendants of originally pictorial forms, 

A modified form of hieroglyphic writing is still in use among us, more espe- 
cially in connexion with the science of astronomy ; and tlie conventional forms 
wliich now represent the signs of the Zodiac are vciy instructive as to the amount 
of modification such symbols are liable to undergo. 

In Aries and Taurus (») the heads of the ram and the bull may still bo 
recognized. Gemini is represented by the twin straight lines, n ; Cancer by its 
claws, 25 j and Leo by its head and tail, In tlie symbol for Virgo there appears 
to have been some confusion between Astrcca and the Virgin Mary, the sign being 
symbolized by the letters mb, nu. The scales of Libra, the sting of Scorpio, and 
the arrow of Sagittarius can still be traced in the symbols, n, h The twisted 
tail of Capricomus survives in vf, and Aquarius is represented by two wavy lines 
of water, iw. The remaining sign of Pisces has been much metamorphosed ; but the 
two fishes, back to back, with head and tail alternating, can readily be recon- 
structed from the symbol K, 

The gradual simplification of form exhibited in these signs, and in the Chinese 
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and hieratic systems of writing, must be borne in mind when studying the develop- 
ment of other systems. 

With regard to the origin of the alphabet in common use in Europe there can 
bo no doubt, the testimony of classical historians, as well as that of the letters 
themselves, being conclusive as to its Phoenician source. But at what date letters 
were tirst in use in Greece is by no means certain ; Grote thought that they were 
absolutely unknown in the days of Homer and Hesiod (u.r. 850-776). It seems, 
however, probable that they were introduced at a somewliat earlier date. If the 
date which has been assigned to the famous Moabite stone,” of about 900 B.C., 
be correct, the correspouuBnco in form between the arcliaic Gret^k letters and those 
on the stone raises a strong presumption in favour of letters having been imported 
into Greece at the time when the Phoenician alphabet was in that stage of develop- 
ment in which it occurs on the stone. 

Even the name of the alphabet uresorves the memory of its Plioenician origin, 
for Alpha and Beta, the names of tno two letters from which the word is derived, 
are not really Greek, hut merely the Hellenized forms of the Pluimician Aleph and 
Beth. Tlie same is the case with the names of all the other Greek letters down to 
Tail, the last live letters, Y, <I>, X, 'F, Cl, being of lati'r introduetion. 

The correspondence in form between the Itoman, the Greelf, and the early 
Phoenician alphabet, as given mi the Moabite stone, can readily be traced. It 
must, however, be remembered that the letters of lht‘ lattiu* are written from right 
to left, or in the same maiiuor os Hebrew, and not, as is the case with us, from left 
to right. Ill the early Greek inscriptions it appears to have been a matter of 
indilierenco in wliich direction the letters were placed. In some the lines are 
alternately in either direction ; and this form of writing was known as Boiistrophe- 
don, or that which turned backwards and forwards like an ox in ploughing. 

As to the original identity of th(‘se three alphabets there can be no doubt ; 
neither can any exist as to the order in which the letters were originally arranged ; 
for in the Hebrew Scriptures, the language of w'hich may practically be regarded 
as the same as tlio Plicenieian, there are several instances in which a succession 
of passages, each commencing wdlli a dilferent bdter of the alphabet, present 
them in this order. A w'ell-knowm examph^ is alibi ded by the 119th Psalm, each 
of tlic tweiiiy-tw'O sections of wliieh eomniene(‘s %Yith a dilferent buter, the uaiiio 
of 'sviiich forms the heading to each in thi' I'higlisli version of the Bible. 

When, liOAvever, we come to consider th<‘ history and development of the Plut'- 
nician nlphabet, we are no longer upon so sure a footing, 'fhe manner in wdiich 
some other forms of writing such as the (’hiiu'se and the Egyptian hieratic, were 
developed wdll have prepared us for the prohahility of the Phoenician alphabet 
ha^ing also been evolvial from a piidorial source. 

It is a by no means miiinjiortant fact, in reference to tins view, Ibat the names 
of the Plueiiician or Jlidire'w letters are not arbitrary, hut each signilicant of some 
obj(‘Ct, though the meaning of the names cannot in all cases be recognized with 
nhsolute certainly. For instance, Ab'ph, Beth, Gimel, and l>aleth mean Ox, 
House, Oainel, lioor ; and if we find that these and the succeeding letters, when 
in th(*ir most primitive forms (so far as known), present similarities with tho 
wdiole or a portion of tho objt'cts by the names of wdiich they arc distinguished, 
there is a strong probability of a pictorial origin for the letter.^. 

Taking tho forms of the letters, as given on the Moabite stone, in conjunction 
with the moaning of their names, such a similarity can in all cases be traced, though 
more certainly intentional in some letters than in others. This will be best sliowm 
in a tabular form* (p. 184). 

This correspondence in form can hardly be appreciated without diagrams, but in 
many instances is striking, and in none absolutely forced. There have, however, 
been numerous objections raised to such a view of the derivation of the forms of 
the Phoenician letters. 

Lenormnut and l)e BougiS would rather trace them to Eg}^ptian hieratic charac- 
ters ; hilt the resemblances tliey point out between them are but slight, and in no 
instance does the Phoenician name of tho letter agree with that of the object repre- 

* Tho letters arc here given in the ordinary Ilgbrow character instead of tho older form. 
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sented by the Egyptian hieratic. ^ Moreover the resemblances^ when traced, are 
rather with later forms of Phoenician letters than with those on the Moabite 
stone. 


Aleph , , . . 

An ox, ........ . 

The head of an ox. — That this letter was 
known to eniDody this symbol is recorded by 
Ilesychius about a.d. 380. The correspond- 
ence of a small a or a with the sign for 
Taurus when placed horizontally (oc) is w^orth 
notice. 

1 Beth 

A house or, pos- 

A hottse. shoxciiig one tcctll and the ridged 


sibly, a tent. 

roof. 

J Gimel .... 

A camel 

The head and neck of a camel. 

T Paleth .... 

A door 

The triangular door o f a te?it. 

A lattice (r*^. — The meaning of tlie name 

nile 

A lattice or win- 

dow. 

of this letter is somewhat doubtful. 

T Vau 

A peg or nail . . 

A peg. 

i Zain 

’n Cheth .... 

A weapon 

An arm holding a spear (?). 

An enclosure, or 
field. 

An enclosure. — Much, like the Chinese 

figure for tlie same meaning. 

£3 Teth 

A serpent 

A coiled snake. — This letter does not occur 
on tlie Moabite .stone. 

t Jod 

The hand 

'The hand and ivrist in profde^ similar to 
what may be seen on some early Hindu 
coins. 

3 Caph 

The palm of the 

An open hand, as in some drawings of the 

hand. 

Nortli -American Indians, 

^ Lamed .... 

An ox-goad .... 

An o.X'goad (?). — The meaning of the 
name somewhat doubtful. 

Q Mem 

Water 

A wavg line . — Like the ropresonlation of 
water on early coins and sculpture, and as in 
the sign of Aquarius, rosx* 

J Nun 

A fisli * . . . . 

The head, gill, and back of a fish, 

A kind of prop supporting a trellis for vines. 
— Mr. Hensleigli Wedgi^’ood has pointed out 
the similarity of this letter to the figure of 
a sculptor’s bench or easel in Eg^-ptinn 
pictures. 

P Samech .... 

A support 

1 

y Ain 

The eye 

'The of the ege, as in hlgyptian 

hieratics. 

flPe 

The mouth .... 

'The tico lips open at an angle, mucli like 
the mouth as represented on some ancient 
British coins. 

Tsado .... 

A reaping-hook. . 

A reaping-hook or scythe attached to its 
handle. 

p Koph 1 

The back of the 
head (?). 

71ic head and 7icck (?). 

^ Kesh 

The head 

The head in jirofile. 

A tricuspid tooth. 

A cross, like tlie mark still made by those 
who cannot write. 

^ Shin 

A tooth 

flTau 

A mark ........ 


Mr. E. B. Tylor also considers that the theory maintained by Gesenius of the 
Phoenician letters being pictorial can bo shown to l)e unsafe. lie thiiika (lio 
resemblances between the letters and the objects to be but small, and the bond 
which attac’hes the name to the letter to be but slight j that th(3 coincidences are 
not primary and essential, but secondary and superticiul. He suggests that Hebrew 
words may have been chosen as names for letters derived from some extraneous 
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source, such names liaving the proper initial letter and also some suitability to 
describe its shape j the same as if in English we called 
A — Arch or Arrowhead. B— Bow or Butterfly, C — Curve or Crescent. 

This, however, is contrary to all analogy among methods of writing of which 
we know the development ; and moreover, several of the names of the Hebrew 
letters are not actual words in common use in the Hebrew writings, but words 
which have become obsolete, and of whicli, in one or two cases, it is hard to recover 
the meaning. The letters, moreover, cannot originally liave been more arbitrary 
signs, or there would have been greater distinctions between some of them, sucn 
as it was siibsc'quently found desirable to introduce. 

If, too, the Plimnicijin letters came from an extraneous source, we may well ask 
where it was, and how it happens that no traces of the original names of the 
letters have been preserved. 

It seem«! far more probable that the Phoenieians, possibly in the tirst instance 
borrowing the idea from the Egyptians, struck out for themselves a more purely 
literal and tlier(‘foro a more simple and useful alphabet. A classiticatioii of sounds 
once established, and a system of syllabic symbols once invented, the transition to 
a pure literal alpiiabet comparatively easy, especially when once the syllabic 
symbols have, from the introduction of foiadgii words or from other causes, been 
employed for the initial sound only of the syllables they represent. 

ouch a cliauge, involving a departure from old practice, miglit perhaps more 
readily take place in an adjacent country to that in which the syllabic system pre- 
vailecl than in tlie country itself; and we may readily conceive a practical people 
like the Phoenicians importing from Egypt a system of pictorial writing thus 
modifled. 

Certainly their alphabet, unlike the letters of the later class of Egyptian hiero- 
glyphics, docs not appear to consi'it of merely a few survivors from a whole army 
of symbols. On the contrary, it .stauns to present some traces of arrangement ; for 
the objects representing the letters appear to be gronpc'd in pairs, each comprising 
two objects in some manner associated with each other; and between each pair 
is inserted a third letter, represented by an object not so immediately connected 
with those preceding it, but still not absoliitidy alien fiMin them. 

Thu.s the ox and the liouse are followed by llu' camel— an animal, by the way, 
not represented in Egyptian liieroglypliics. The door and tlie window are fol- 
lowed by the peg ; the w(‘apon and eiielosure by the serpent ; the hand and the 
palm by the ox-goad; the water and the flsh by the support ; the eye and the 
mouth uy the reaping-liook ; tlie liead and tlie back of the head by the tooth ; and 
the alphabet concludes with the iinal mark, x. 

It would bo supt'rfliious to attempt to point out the bearings of this question of 
the origin and develo^mient of the PlKcnician alpiiabet on the history of civiliza- 
tion in Ihirope and AVestern Asia. 

Eutuvo discoveries may possibly bring us nearer the cradle of this alphabet ; but 
it seems probable that on the Moabite stone we liud the letters still retaining 
enough ottlK'ir original pictorial character to justify a belief that they there occur 
in a comparatively early stage, and not removed by many centuries from the time 
when tliey were merely delineations of the objects the iianios of which they have 
preserved. Assuming this to liavc been the ca^^o, wliat is the stage of culfiiro to 
which the inventors of this alphabet appear to have attained ? 

They were not more nomads or hunters, but a people with fixed dwellings for 
themselves and enclosures for their cattle ; they were acquainted with agriculture, 
and liad domesticated animals, and employed tlie ox as a beast of draught to cul- 
tivate fields, the produce of whicli tln^y reaped with metallic sickles. In fact 
their civilization would s»^em to have been at least equal to that of the bronze- 
using people of the Swiss lake-dwellings. 


A Paia-jmtoo from New Zealand, By Sir Du!;can Gibb, Bart, 

The author was presented with a stone weapon called pata-patoo by his friend 
the late Capt. Lowe, who had been an old traveller among the islands of tho 
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pacific. It was obtained in the Society Islands, but had come originally from 
New Zealand, and, although of recent manufacture, now extremely difficult to obtain. 
The present example was composed of dark-green basalt smoothly polished, 
12 inches long, and weighed Id., thus forming a powerful weapon for striking 
the top of the head. Indeed the alleged use to which it was put by the inhabi- 
tants was to dispatch old people when they became intirm (their parents fqr 
example), by a blow in the middle of the top of the skull inflicted from behind 
when it was least expected. This blow was sufficient to split the skull, and death 
was instantaneous. The hard and compact nature of the stone rendered it a sale 
weapon to accomplish its end. This terrible custom, which the author’s friend 
learned had been at one time prevalent, has long ceased to bo practised j no 
account of it appears in Capt. Cookes voyages, although he brought several of the 
weapons in stone and bone to England now preserved in the British Museum. 
In the Museum there were eleven pata-patoos (three of them bone), and in the 
Christie collection also eleven (two of them bone), the largest being 18 inches 
long and the heaviest 3 lbs. in weight. 


Stone Implements and Fragments of Pottery from Canada, 

By Sir Duncan Gi»b, Bart, 

The author referred to the discovery of stone implements and pottery throughout 
Canada, of various degrees of antiquity, the most recent being stone gouges, 
chisels, hammers, and domestic utensils. Arrow-heads and spears were more ancient, 
as they were not met with in recent sepultures, but gimerally were found on the 
surface of ploughed land. The implements which he had collected himself in 
Canada consisted of sixteen arrow-heads, two flat spears, and two axes. The 
spears were composed of chert, and were from the Saguenaye district, the largest 
being inches long by 2 wide ; they were well formed, flat, and thin. The axes 
were of polished green micaceous schist, wedge-shaped, from 3^ to 4 inches long 
and J of an inch thick ; weight and 4 ounces : found at Niagara. The arrows 
varied in their size, form, and composition, ranging in length from | of an inch to 
3| inches, being either long and nan’ow tapering to a point, or broad and rounded 
in shape ^ one resembled a small celt in form. They weighed from 16 to 340 
grains, or close upon f of an ounce, and ranged from ^ to nearly ' an inch in thick- 
ness ,• the shaft varied in shape and length. The localities wiienco the sixteen 
arrows were obtained were Montreal, the Saguenaye, Pointe dii Chenes on the 
Ottawa river, Chippewa, Niagara, William Henry, and Quebec; the gi-eater num- 
ber were composed of chert; one was of red slate, another of white quariz : on the 
whole they dilTered in form from the arrows found in the British Islands. As 
arrows were frequently found at Chippewa, it was evidently the sit(^ of some 
ancient battle-field, as no fiakes nor chips were found associated with them. He 
also described three fragments of pottery, from the shores of Lake Erie and 
Montreal, all imperfectly baked. I^ookingupon the stone arrows and spears as the 
most ancient stone implements found in Canada, if not in America, the author was 
disposed to place the period of their use and manufacture at about 200 years before 
the Christian era, corresponding to the time that our forefathers in the British 
Isles might have used such things as weapons or objects of the cliase. Neverthe- 
less, if the time was considered at which tlio aboriginal inhabitants of America 
were traversing that continent and required some weapon as a means to kill game 
to subsist upon, 4000 years could not be looked upon as too remote ; and as the 
arrow is the most primitive and the simplest implement we have any knowledge 
of, the author said it may he reasonably considered to have been employed by the 
inhabitants of Canada at that time, as well as probably over other parts of the 
North -American Continent. 


On the Oaro Hill Tribes of Bemjal, By Major H. II. Godwin- Austen, F,R, G.S., 
F,Z,S,, ^c,, Deputy Supemntendent to the Topographical Su)*v€y of India, 

The Garos occupy the extreme western end of the range of bills south of the 
Brahmaputra and Assam, and are allied to the Mech end KAchari. They do not erect 



TllANSACTIONS OF TIIK SECTIONS. 


187 


stone monuments, but we find a similar custom in the setting up of posts of wood 
with tables in front made of bamboo ; and this has led the author to think that 
these very perishable constructions gave rise to the erection of the monolith and 
dolmen as seen in the Khasi Hills adjacent on the cast, the object of both tribes in 
setting them up being as a propitiation of good fortune. Setting up curiously 
carved and peeled rous is another peculiar custom, particularly as it has been 
noticed by ]\lr. St, Jolin in Arakan. The Along clan is an interesting section of 
the Garo tribe, speaking a diflerent dialect containing many words used on the 
Munipiir side ; this, with their better stature and appearance, points to a former 
emigration from that side. The use of the bow and aiTow conlined to the Khiisi, 
the Garos carrying only spears and sharp swords, is an interesting fact in tribes 
living so close together. 

Drawings of the graves and the car^’cd posts &c. were given, and notice made of 
the dress and points of dilierenco between the Langani and other Garos. 


On iliP. Barrows of the YorJcshlre Wolds, 

By the llev. W. Gkeenwele, M,A,, 

This paper was confined to a description of the round ])aiTows and their con- 
tents. In general form tliose barrows are either conical or bowl-shaped. It is pro- 
bable tliat many had originally an encircling mound or a ditch, or both, at the base ; 
l)ut if such were the case, all traces of those eiudosures have been destroyed. The 
barrows were constructed of the materials nearest at hand, more commonly of earth 
tlian of chalk, They are usually associated in groups, but a single barrow is not 
unc(uumon. As a rule, they liave been erected on high ground. Holes are often 
found under the. mound.s, sunk below the natural surface of the soil ; the author 
suggests that these mav probably have been tlie receptacles of food or other perish- 
able material. Animal tones arc usually scattered through the tnounds, and appear 
to be the remains of feasts ; flints and potsherds also occur among the materials of 
the barrows. The bodies buried under the mounds occur at 'various levels, the 
central burial being usually in a grave excavated in the clialk. CJenerally there is 
nothing to protect the body from the pressure of tlic overhing soil, interments in 
cists being almost entirely unknown in the Wolds. Ilarely the body has been 
protected by a coffin formed of n hollow tree-trunk. The remains of the body, 
when burnt, are sometimes enclosed in a urn. Secondary interments are common, 
and the bodies previously buried have been thereby disturbed and tlie bones scat- 
tered. fSome cases of appanmt disturbance suggest the idea that tlie flesh may 
luive been removed from the bones before burial, and the nuked hones deposited in 
the baiTow. In some instances the burials were by inhumation, in others after 
creiiuitioh, the former practice b(“ing by far the more common in the Wolds. The 
one process does not appear to liave been older than the other; nor has the difier- 
enco in question betui one of social rank or of sox. In cases of burial by inliuma- 
tion, the uiihurnt body is always found lying on the side in a contracted position, 
with the knees drawn un towards the head. This w^as evidently not duo to the 
requirements of space, out must have iiriginated in some settled principle, the 
meaning of which is not understood, but which appears to have been common to 
all mankind at a certain stage of development. IVrhaps it was in imitation of the 
natural posture assumed in sleep when tiie individual sought waraith. The direc- 
tion of the body seems to follow no rule. Some barrows are found empty — the 
so-called cenotaphs ; but the author believes that in most cases such banows have 
not been exhaustively searched j if really empty, he believes tliis due to decay of 
the skeleton, and not to the mound having been originally unoccupied. Cliarcoal 
is generally found associated with unburnt bodies j and the author suggests that this 
may ho the remains of the lire through which the corpse was passed, when actual^ 
biiriiiiig the dead had become to some extent n merely representative custom. If 
iliis bo so, cremation must have been universal, even witii those bodies which are 
apparently unburnt. It is likely tliat the uiiburnt boditis were laid in the grave 
clothed. " The barrows contain numerous weapons and iniplenients of stone (includ- 
ing flint), of bronze, and rarely of bone or horn. The catalogue of stone implements 
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includes almost all those which occur elsewhere, but the bronze articles are very 
limited ; indeed, from the paucity of bronze implements and weapons, it is con- 
cluded that the barrows belong to a period before that alloy came into general use. 
It is notable that the articles m flint found in immediate contact with the bodies 
appefir in most cases to be perfectly new, and as if made expressly for the burial ; 
while those which are not tound in association with an interment generally show 
signs of having been in use. In 248 burials by inhumation and after cremation, 
Sd had articles of flints or other stone, 10 of bronze, and 3 of horn. Orna- 
ments and objects of personal decoration are occasionally found with the burials in 
the barrows, but are apparently confined to women. Out of the 248 burials only 
5 possessed such objects ; no gold, glass, or amber lias been found ; and, indeed, the 
whole of the evidence aflbrded by the barrows tends to show that they were the 
burial-place of a people in an humble condition, possessing but little wealth, and 
having but limited intercourse with other parts of the country. Vessels of earthen- 
ware frequently accompany the bodies buried in the barrows. Out of 248 burials, 
69 were associated with pottery; and 7 of these vessels were cinerary urns holding 
the ashes of the dead. The vessels vary greatly in size, shape, quality of paste, and 
style of ornamentation. All the pottery is haml-inade, ungfazed, imperfectly baked 
at an open fire and not in a kiln. Broken stone is usually mingled with the clay. 
The ornamentation is confined to lines, generally straight lines. The author 
maintains that these vessels were not pieces of domestic pottery used in daily life, 
but were manufactured solely for sepulchral purposes, On the other hand, many of 
the potsherds scattered union" the materials of the mound appear to be fragments 
of domestic pottery. Some idea of the diet of the early Wold-dwellers is de- 
rived from a study of the bones scattered through the barrows. These bones are 
referable to Bos longifronsj to an ox whicli was probably a cross between this 
species and the Ums^ to the pig, the goat or sheep, the horse and the do". Domesti- 
cated animals thus formed tlie main support of these people. Bones of the red deer 
are also, but very rarely, found. From the evidence afforded by the barrows it appears 
that the early inhabitants of the Yorkshire AVolds must have lived in an organized 
state of society, that they possessed doiiK'sticnted animals and cultivated grain, 
that they manufactured woollen and perhaps linen fabrics, and that they had 
attained considerable skill in metallurgy and were acquainted with Iho manufac- 
ture of pottery, though ignorant of the potter’s wliecl. It is belit'ved that it was 
tlieir custom to bury with the dead the wives and children of the deceased, and 
perhaps their slaves. The round barrows yield both cloliclioceplialic and brachy- 
cephalic skulls. The short-headed race were taller, more strongly built, and harsher 
in features than were the long-headed people. With regard to the ago of the round 
barrows, the author feels safe in not attributing to them too high an antiquity by 
referring them to a period which centres more or less in n.c. 1000, 


Theories regarding Intellect and Instinct, with an attempt to deduce a satis^ 
factory conclusion therefrom. By Geoeoe Harris, Vice-President 

of the Anthropological Institute, 

The author gave a concise summary of the opinions of Aristotle, Virgil, Origen, 
St. Augustine, I)e la Chambre, Des Cartes, Hobbes, Willis, Sir Matthew Hale, 
Dr. Ilenrv More, Oudworth, I^ocke, Sir Isaac Newton, Priestley, Buflbn, Di'an, 
Dugald Stewart, Smellie, Sir W. Lawrence, Mr, A. Smee, Mr. Isaac Taylor, ^[r. 
Herbert Spencer, Prof, de Quatrefa^es, and some other authorities ; and observed 
that widely as these great authorities appear to differ one from another in their 
opinions, their several tenets are by no means irreconcilable, and the theories pro- 
pounded by each are calculated to aid in arriving at a satisfactory conclusion as to 
the entire subject. Intellect and instinct, he thought, were like two countries, in 
many of their main features and productions nearly rosemblin" each other, 
while in other respects they are strikingly and totally dissimilar. They 
differ essentially as regards the topics they embrace and their mode of 
dealing with these topics. Instinct only applies itself to matter so far as sensa- 
tion proceeding from it conduces to this end; while Intellect not only takes 
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cognizance of it in this manner, but proceeds to various operations quite beyond 
these, of a far higher nature, and embracing the consideration of moral and abstract 
topics. In many cases animals are directly and uniformly impelled to do certain 
actions, in which they are guided mainly by sensation, and to their excellence in 
which they owe the perfect manner in which these operations are carried on. But 
in addition to this blind impulse, they exhibit a capacity of remembering, and de- 
liberating, and reasoning to a certain extent and on certain matters, although they 
are utterly incapable of acquiring any of the sciences of readinir, writing, or even 
speaking. Instinct is perfect as regards the ends for which it is adapted, but it is 
limited to these ends. Intellect has a far more extensive sphere, in which, however, 
it is far less perfect and unerring. A power of deliberating, as evinced by certain 
animals, scjoms almost necessarily to imply their endowment with some sort of im- 
material being, analogous, although very interior, to the soul in man — an opinion 
held by some of the distinguished philosophers whose opinions he cited. 


Mr. T. M^dv. IIuaiiES exhibited a series of fragments of chert which ho had col- 
lected below a chert-bearing limestone on Iiigleborough in Yorkshire. He explained 
how the chert got shivered as the limestone broke up along its outcrop, and the 
edges of fragments sticking out of the rainwasli or dritt clay got chipped by stones 
rolling down the slopes, by trampling, sheep, &c., while the frost fim»^hed tlie work. 
Hi* pointed out tliat man seems generally to have dressed tlie edgt' of a Hint by 
blows or pressure of somewhat equal intensity ; wli(*rcas, except in rare instances, 
the chips taken oil by nature varied according to the size of the falling stones, &c,, 
and the position of the fragment being chipped. 

He Jiad made tliis collection since examining the flints in the museum at 
St. Germains, which are supposed by some to indicate the existence of man in the 
Miocene Period in France, but which he considered should bo referred to some 
such agency as that he had just described. 


On some Bone anJ othee Imploneats from the Caves of Perigonl, France, 
heariwf marlrs indicative of Ownership, Talhjing, or Gambling, Bij Prof. 
T. lluricuT JoNKs, F.G.S, 

A Iniife-lilce ivory plate, marked with regular pits, mavgi?ial notches, and groups 
of lateral scorings, from the Gorge d'Fnfcr, opposite Lcs Kyzies, on the Vezere, 
was the chief implement described and commented on. It is supposed by the 
author to have reference possibly to some gambling-transactions of the aborigines, 
as North-Amcrican Indians and others score their play on slicks and bones. 

The shape, systeni.itic pittings, crcmilatccl edge, and scorings on this specimen 
were compared with known instances of such markings on ancient and modem 
iniplemeiits of savage make. The author recognized simple and compound scorings 
anti notches, similar to those made by ICskimo on tluur narpoons, as owner-marks 
on several weapons of bone from the French caves. Some which appear to be 
tally-marks, and several bearing either poison-grooves or capricious and aimless 
cutting and dotting, were also described and commented on. 


Western Anthropologists and Communities, 

Bg JosEPir Kaixes, M , AJ , cJv. 

The autlior commenced by asking, What are tlie duties of Wostcni Anthro- 
pologists to the less civilized communities of mankind In answering it, he 
said he should put out of sight altogether all cou'^idm'ations of a purely material 
sort, and look only at the normal a'^pects of the subject. Ho argued that the 
existence of the science of Anthropology depended on the preservation of the 
less civilized, since little or no knowledge of human evolution or development 
could bo obtained but through them : and the past history of mankind, espe- 
cially of the races more advanced in civilization, could be understood only by 
1872. 11 
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Btudying the moral and intellectual conditions under which the less advanced at 
present exist. 

The result of Western contact, whether commercial or philantlm)pic, were 
dwelt upon at large, and shown to he so hurtful, that they were the cliief (if not 
the only) external causes of the dying out of tlie backward peoples. Numerous 
illustrations in support of this were given. Western civilization, in its relations, 
past or present, with ('Inna, India, Japan, besides other places, was reviewed, and 
its unfitness was illustrated; in support of which conclusion references were made 
to and quotations were given from the writings of Mr. A. 11. Wallace, Captain 
R. S. Burton, Mr. Winwood llcade, ]iOrd hJgin, and others. 

In conclusion, the author argued that the duty of Western anthropologists to 
the backward peoples is that, recommended by Auguste Coin to, of protection. 
Anthropologists should urge upon the Western governments the policy of pre- 
serving the backward peoples, and of protecting them against the cruel and lawless 
of \vhatcver colour or race. 


Discovery of a Flint- Implement Station in WlfiJimoor Bottom^ near Sandhurst, 
By Lieut. 0. Cooiuou Kikg, li.M.A. 

The author described the discovery of several isolated groups of Hint flakes in 
limited areas in Wishmoor Bottom, near Sandlinrsl, one “find” including a 
large number of flakes with several cores and two implements of palieolithic 
type. The marshy deposit with the tiints occupies a minor cul-de-sac a alley; 
and a small isolated hill in its opening has sheltered the station from the great 
east and west road lino which runs near it. The Hint from Avhich the implements 
were made appears not to be the flint of the neighbourhood, hut must have b('en 
brought from a distance. It was suggested that the area in which the discoveries 
were made may have been a small lake at the period of its occupation by an abori- 
ginal race, and the small groups of flints may he the sole remnants of an ancient 
lake-dwelling. 


The Pretended Identification of the English Nation with the Lost House 
of Israeli By A. L. Lewis, M.AJ. 


On the Slceleton of the Bed Bodes, By M, Mocg ridge, F.Cr.S., F,B.I[ist,S, 

On the seashore two miles east of Mentone is a range of lofty cliffs, called the 
Rochers Rouges. They are composed of Jurassic limestone, and abound in.caverns. 
A photograph showed their general character ; and the cave nH>st to the right, 
which is 103 feet above the sea, is that in whitli the skeleton (whicli has 
been dignified by several appellations) was discovtued recently by Dr. Riviere, 
who is employed by the French government to make excavations" for fossils along 
this coast (though in fact these rocks are in Italy), and whose skill and perse\c- 
rance have brought to liglit many valuable specimens. 

This cave, which has been sub]ected to many previous explorations, at the mouth 
nine feet deep, was filled up to the modern floor with ( arlh, anf/ular stones, flints 
worked by man, some charcoal, and the remains of diverse animals. As wa.s shown 
in the photopapli, the skeleton was Iving upon the left side, in an attitude such as 
might have been assumed in sleep. It was eight feet below the modern floor at 
that part of the cave, nine feet from the entrance, lying north and south, and the 
head was to the south. Eye-teeth of tlie deer and small shells, both pierced, 
encircled the skull ; possibly they may have ornamented a fillet ; many fell off 
before the photograph was taken. In contact with the body flint instruments liad 
been placed ; and a circle or rather oval was formed around by rude stones in juxta- 
position. With one end touching the closed teeth, and projecting from the mouth 
as if that end had been placed within the lips, was a mass of metallic grains (oxide 
of iron), four inches long and one inch wide, of w’hich a sample was shown. Such 
substance does not occur in the neighbourhood, and the author knows no parallel 
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case. Mav it liavo been n fetish or chami? The shin-bone is llai, as in the 
skeletons found by Air. Busk at Gibraltar. 

Passing to the interior, the rock at the bottom descends to a lower level. In 
those recesses occur the remains of Urmia spelmis, Hyaena spclaeaj Bhinoceros, &c. 
1 hus if tlio skeleton does not carry us back to the days of the extinct animals 
(unless the deer may be of an <‘xtiuct species), it is a veiy interesting relic of the 
^Q^lint Age.” It may, howe\er, be asked, How arcj we to tix the termination of 
that a-ger* Does it nut vary with the approach to civilization of diiferent races 1*^ 
To tliis day with the Esquimaux that age has not terminated. 

The immediate noighbourliood of this cave does, however, afford proof that 
man teas contemporaneous with the extinct beasts, as tlie author showed at 
Edinburgh, where he stated that at a depth of thirty feet, in breccia (formed of 
anyulnr stones, luted together by carbonate of lime and oxide of iron, and so solid 
that it could only he worked by blasting), he had himself takiui out the reiuains of 
Ursus spehi ns &c. in contact with flints W'orked by man, which may now be seen 
in the temporary museum. 

The author concludt'd with testifying to tlie zeal, talent, and laudable perseve- 
rance of Dr. Biviere, the gentleman who discovered this highly interesting SKeletoii, 


On the EiJinoloylcal Ajfinitus of the French amt Enylish Peoples, 
ihj Dr. T. Nicholas, M,A.y F.G.S, 

Having assumed that Britain had been first peopled from Gaul, n fact partly 
substantiated by Ojesar, the author proceeded to inquirt* into tliose changes, or 
supposed changes, of race-ohnracter w’hich \ arious conquests had brought upon both 
peoples. Having intimated that the Boman occupation of se\ oral hundred years 
had resulted in greater ruce-adniixtuie on both sides of the Channel than was 
usually allowed, the author argued, from a rapid glance at the Frankish conquest 
of Gaul by Clo^is, and the S(‘cond conquest by Pepin and Charlemagne, that they 
had not very extensively iinbuc'd the Gallic jHqmlation with Frankish blood, and, 
in like manner, that tlui parallel conquest of Britain by tlie Germans, usually 
known ns the Saxon Conquest, had only very partially converted the people of 
Britain into Anglo-Saxons, exc(‘pt in name. Th<‘ Britiuis, insti^ad of having been, 
according to the popular representation based on the ‘ Do excidio Britanniae’ of tho 
supposititious Gildas, exterminated or bodily expidled the country, had in time 
coalesced with the invaders and become one pi»o]>le. This was the only way in 
wdiich seven or eight populous sovereignties could be fiiniislicd with subjects in 
so short a time. Before the descent upon Neiistria by Bollo, and the conquest of 
England by the Danes and Normans, therefore, the Celtic character of the mass of 
the French people had not been greatly changed, and the people of England were in 
nil probnhility less German than Celtic. It tollowt d that the teim Anglo-Saxon’’ 
could only he applied to the English in the same unscientific way as the term 
‘‘ Franks^’ (French) was applied to the substaniiallv Gallic inhahitants of Gaul, 
and always involved a distortion of the truth. The Norman Conquest was achieved 
by an army presumably more Gallic than Norman, and had therefore only added 
to the tVdtic blood of iMigland; while the Norman conquest of Neustria bad 
aflected but a small frnctiuiiof tho French, and aflbetod that fraction ethnically 
but v(U'y slightly. The conclusion, therefore, from this parallel, as from the other 
paralh‘ls in tlie history of the two nati(ms, was, that they have continued to 
partake largely of Celtic blood, although not so largely ns in pre-Boman times. 
Tlie English, less Teutonized than was usually supposed by tho Anglian and 
Julish incursions, had, during the Danish and Norman periods, been nuidered con- 
siderably less Collie than their neighbours across the Channel. The physical 
characteristics of th(‘ h’rcnch, as determined by Broea, Edwards, and others, and 
some of their mental and social characteristics, were pointed out as constituting 
points of difference hetw^een them and the English. On tlie whole, the claims to 
sympathy and amity which, on otlinological grounds, the two nations had on each 
other were held by the author to ho strong. 


U* 
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Notice of a SlUcrfied Forest in the Uoclcy MountamSy ivith an account of 
a supposed Fossil Chip, By II. Alleyxe Nicholson, il/.i)., BMc., 
F,B,S.E., Professor of Natural History in University College^ Toronto, 

The object of tliis communication was to describe two specimens which had 
recently been presented to the Museum of Toronto University, Canada, by Mr. 
Worthington of that city. One of the specimens is a largo fragment of silicified 
wood obtained by that gentleman from a fossil forest in the Kooky Mountains. 
Tliis forest is situated not far from Colorado city, at a supposed height of seven 
thousand feet above tiie sea, in the neighbourhood of tlio mountain known as 
Pike’s Peak, not far from Ute Pass. The forest covers a large area, the trees 
standing apparently on the margins of an ancient lake. The stumps vary from 
three to four feet in height, and from ten to twenty feet or more in diameter, and 
there can be but little doubt as to their being the remains of a forest of the Sequoia 
gigantea^ which still lives in California. A similar forest was described by I’rofessor 
Marsh near Mount St. Helena, the age of which was shown to be later Pliocene ; so 
that there is every probability that the antiquity of the present fort'st is the same. 

Another specimen is one of extreme interest, if only exact details were obtain- 
able as to the circumstances under which it was found. It appears to be one 
of many specimens wliich was picked up on the ground close to the stump of 
one of these large trees ; and it presents all the appearances of a fossil chip struck 
from the living tree by the hand of man. The author showed tliat every particular 
in this specimen corresponded exactly with what is observable in an ordinary chip 
cut from a standing tree by an experienced axe-man. This is especially tlie case 
with the upper surface of the specimen, which presents a clean obliquely descend- 
ing face, cutting across the fibres of the wood, and even exhibiting the nnequal 
shrinking of the diiVerent layers of wood, which is invariably observable whenever 
soft wood is divided in this mann(n’by a sharp instrument. Actual chips in every 
respect undistinguishable from this specimen could be obtained anvwliere in the 
bacKWOods in Canada j and it seems impossible to doubt that it regally was a chip 
cut from one of these ancient trees. The chief diliiciilty in tin' way of this view is 
the fact that the surfaces of incision are too ch'aii to have b(*en made hy any tiling 
except a metal implement. It was impossible, liowever, to determine from the 
data in hand what might bo tlie date at which this fossil was silicitied. 


On some Evidences suggestive of a Common Migration from the Easty shown 
hy Archaic Remains in America and Britain. By John 8. PiiKNf:, F.S,A.y 
F.G.S.y F.R.G.S., F.R.T.BA. 

The author first refeiTed to a paper road by him last year at llie Meeting held 
at Edinburgh, in which he had drawn attention to some remarkable mounds in 
North Britain, which he considered were identical with the. serpent and alligator 
mounds of America. Ho stated that since that ^[eeting ho had opeiK'd the inest 
perfect of these British mounds, and with very satisfactory and iutm’csling results ; 
but as the particulars of the investigation had been published both by himself ami 
also by Miss Constance F. Gordon Cummiiig (in ‘Good Words,’ with an illustra- 
tion), he should pass on to other mailer. 

He then showed from drawings by several artists, iiioludiug the names of 
Mr. C. J. Lewis and Miss Gordon Gumming, by photographs, and by different 
models taken by JVIr. Mortimer Evans, C.E., h.G.8., of Glasgow, the peculiar 
formation of the mound. 

Ho pointed out various difficulties he had met witli in coming to an accurnt(' 
decision about the mound, but how, finally, he found, on reducing it to scale and 
taking the various levels, that it agreed almost entirely with tlie lOgvptian liroeus 
and the Phoenician Serpent deity, each of which is represented in relics now 
extant as in the precise position of the form of the mound, and each with the solar 
disk at its head, which is found to correspond exactly with tlio cairn formerly 
described as the head, but which is now found to bo in the position of resting upon 
it, assuming the figure were placed vertically instead of horizontally. 
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The author next proceeded to ehow that his observations on this point also 
explained the only ambiguity in the case of the great American serpent mound at 
Oliio, whicli he also argued is surmounted by tlie solar orb, thereby agreeing Avith 
tlie Egyptian, Phtenician, and, as Jie claims,*^ British representations also. 

llo then illustrated his subject by a great many examples of customs in the 
mode of constructing this class of monuments common to several countries, espe- 
cially modes of excavation, carving into form, and erection, which he found agreed 
in each case in Egypt, America, and Ihitairi ; and from tliese he argued a common 
origin, custom, aud migration. He quoted Mr. Eergusson to show that the theory 
he advanced was the most probable course by which America could have been 
visited by the nn)uiKl -builders of the east of Europe, and Avho might also with 
equal reason have spread to Britain. 

He then quoted a numher of authorities to show that the words OB, meaning ser- 
pent, and OX, meaning sun, represimted the sun and serpent deity commonly wor- 
sliiipped ill Egypt and Phmnicia; that the same word, with the addition of the letter 
J, is found in Africa : OBION and OBOXl both represented serpent and solar deities 
Avhich Avere Avorsliipjied by some liibes in a visible and sensual maimer and by 
some in a spiritual sense. He «hoAved Iioav rare places with these component 
names are — one only in Europe (Britain excepted), lour or live in Asia, Avhere the 
Avorship of the sun and serpent still continues, Iho.^e already quoted in Africa, and 
one only in America diri'ctly*' ; but lie proceeded to shoAV that some of the Ame- 
rican names in the districts of the ancient mounds assimilated ver}^ nearly to these, 
making allowances for no greater variation than had taken place in the form of 
names in their transmission from Hreece to J\ome, and concluded his argument by 
claiming for Ohnn (the town lU'ar where the ArgHlsliire mound is) the name of the 
place of the and A<»/ur AB-()N or OB-AX, which he quoted autho- 

rities to show Avero used inditlerently, os hlBOE and OBOE are in Africa having 
that meaning — pointing out also that the Israelites called their first encampment, 
after the making of the bra/en serpent, OBOTII. 

BefiTeiico was made to some h'g\]»tian representations of taking liuman life by 
oflicial power as sbo^^ n in the illustrations, in Avhich the solar serpent deitv or Urjeua 
lignrt’s as an authority for the act ; and the author stated that since his discovery of 
the inound a (budic trnditicui bad been put before him, Avhicli the natives state be- 
longs to this mound in particular, aiuhvlncli identifies it as a place of public execution 
iiitlio early British or Hruidical times. The Hindu niAtliology records n similar 
^e^pcni mound produced bv Krishna ; but in this case the serpent was said to be 
li\ mg, although shaped abnobt exactly like the Aigyllshire mound ; but it was 
remarkable that into the head of this sequent people aud animals Avent with 
Krishna for refuge : this the author took to mean self-immolation and the satis- 
faction arising from <ledieation to the deity; and linally quoted Mr. Eergussoii to 
shoAV that llu' ]>riueipal essential Avanting, in his opinion, to constitute the British 
monuments places ol sacrifice Avas prosonl in the case of the Argyllshire mound* 


On the iSJaills ohtnhud hi Canon GrcenwelVs Kveavations* 

By Trofessor Eolleston, FJi.S. 

Brofessor llolleston gave an account of a large number of detailed measure- 
ments of the skulls obtained by Canon Greciiwell in his excavations, and now pre- 
sented by him to the tlxford University Museum. lie obseiwed that his examina- 
tion of the skulls had hctm carried on Avithoiit any reference, in most cases, and 
Avitliout any knowledge in many, of their archaeological surroundings. Two types 
of skull, the same two as had been described by Dr. Thurnam in his Avell-knoAvn 
papers, AA^ere to bo found in the series subiiiitied to him. »Skulls of the dolicho- 
iH'phalic- type Avere frequently, however, found to hear the same label as skulls of 
the brachyeepbalie, and might be presumed therelore to have oomo from the same 
barroAvs. * If it should turn out to bo the fact that those two kinds of skull had 
been found Avith the same archicological sun*oundings, this would be a difterent 

♦ Since reading this paper, the author finds the name OBION was applied to a river in 
America on the route t^en by the ancient mound-builders. 
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condition of tilings from that which had been described by the trustworthy author 
already referred to as existing in Wiltshire, and would have to bo explained either 
as being the result of an intermixture of the two races peacefully, or as the mani- 
festation of a tendency to variation not unparnllelled even in wild tribes. The form 
of cranium which Kotzius had called the “Common Celtic form” (see ‘Journal 
of Anatomy,' vol. iii. p. 264, 1868) was almost entirely absent in this series. The 
same remarics applied to the form of cranium known as the llorris Type " (see 
Huxley in ‘ Prohistoric Kemains of Caithness,' p. 128), 


On the Weddo of Ceylon, By Professor Rollestox, M , D,y 

Professor Rolleston oxliibited ten photographs of tlio Jungle Weddo, taken by 
B. F. Hartsliorne, Esq., as also three skulls of the same tribe procured hv the same 
gentleman, and some skulls of certain Kolariaii tribes procur<Jcl by H. Dnthoit, llsq., 
of Mirzapore, and exhibited for the sake of comparison with those of the Ceylon 
aborigines. There was no doubt about the genuineness of the three AVoddo 
skulls ; yet one of the three wius as maikedly hrachyc(‘pluilic (the cephalic index 
being 81) as the others, or as W'eddo skulls usually, were dolichocephalic. The 
cephalic indices in the two other skulls procured from the district of the Jungle 
Weddo, a tribe now numbering, in all probability, little over 100 persons, were 70 
and 70. In tIl^e(^ other Weddo skiUls, two of which had been obtained by 
JJeuteuant Perkins for Canon (in*enwell, and tiro third had been prest'iited by 
Mr. Sabonnadiere to the Oxford University Musfuuu, the cephalic indices were 
respectively 72, (tS, and 04. The cubic capacity iji eacli of tlio two dolicliocepbalic 
crania sent by Mr. IlartsUovne was 86*26 c\ibic iiiclu's and 80 cubic inches re- 
spectively ; the cubic capacity of tlie single hrachyceplialic specimen was, appruxi- 
matively, 00 cubic inches. It was of import aiice to note that synostosis could 
have had nothing to do with the bringing about of the aberrances of the hraohy- 
cephalic Wodd 9 craiiinm ; for the coronal suture was open whilst the sagittal wus 
obliterated, the very condition which, if the shap(^ of the skull had ruled the 
shape of the brain instead of the reverse, would na\ o produced dolichocophaly. 
The presence of parietal occipital tlaiteniiig on the left side (a deformity luiinten- 
tionaily produced during eany life by the mode of carrying the infant) was also 
noteworthy as being rarely ol)served except in bra(:hyce]>haloii8 skulls. AVith re- 
ference to the large question of the aifiiiities of th(3 Dravidiau races of Continental 
India to the AVe(ld 9 of Ceylon, Professor Kolleston refen’i‘d to the papers on Indian 
Ethnology published in the ‘ .Journal of the Ethnological Society,’ July 1860, by 
Sir AValter Elliot, George Campbell, Esq,, Dr. Campbell, and others. 


lieliyious Cairns of the Himalayan Region, By R. B. Shaw. 

All through the Himalayan region, the .slopes of the Dhaola Dliar inliahitod by 
liigh-casto liindiis, on the ban’eu plains and m the rocky valleys of Tibet among 
the Buddhist hill-men, and in the gorges of tho Kuenlim ^lountains until they 
debouch upon the plains of Turki.stau, there are to he found cairm of a similar 
description and placed in similar situations. The crests of passiks, the summits of 
isolated points of rock, or any other place from which a remarkable view is obtained 
of a mighty peak or a terrific precipice are tho po.sitioiis they generally occupy. 
Throuj^hout the whole of this region they are adorned in a similar way, being stuck 
over with tall sticks, from which wave rags and flags and tails of horse or ytik, tho 
votive oflerings of passers by. 

AVhen we find that these cairns, similar in character and similar in position, are 
to bo found tbrougbout regions inhabited by men of three different races and three 
different reUgumSy who each ascribe to them a different origin and a diftbrent pur- 
pose, the importance of the subject is evident. No one who lias observed careuilly 
the facts on the spot is likely to doubt that the monuments in tho several districts 
in question were all erected with the same intent, whatever that wa.s. The posi- 
tion of most of them forbids the supposition tkat they can have been landmarks 
or tombs. The laboiu* bestowed in fetchiiig the stones, often from along distance, 
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shows that they had some serious purpose. But the autlior can conceive of no 
common purpose which can have induced men of such dissimilar religions as the 
Hindu, the Buddhist, and the Mussulman to erect similar monuments. 

One siinpositioii suggested itself, which was that those cairns are monuments of 
the Buddhist faith, wliich is tlie only one known to have ever prevailed over the 
entire region of Tibet and Turkistan. But there is this objection, that although 
similar monuments are found in the Buddhist districts, yet they exist in opposition 
to tlie Buddhist priesthood, who will have nothing to do with them, and thus are 
not likely to have iinplantrd them in other districts. 

^ The author thinks that he recognized in these cairns the remains of an early 
kind of worship (anterior to Buddhism) which uiidoubtedl} existed at one time 
througliout these hills, and which perhaps overspread the entini region between 
India and Turkistan. Tlu're arc traces of the adoration of local deities all over 
this region. In the outer Himalaya such sacred spots an* numenuis, and occupy 
('xactly similar positi<nis with the ^‘Lhato’^ of Tibet and the “Mazars’’ of the 
Kiieiilun JMounbiins, viz. emiucnces and remarkable places. The influence of 
these ditinities is not supposed b) extend beyond a few hundred yards from their 
local habitation, whicli is marked al^oby red paint, rusty iron triclents, and flutter- 
ing rags. Oiitside the magic circle the worshippers will t)ften mock at the object 
of their adoration, but witliin it they are all devotion. I'iiesn supernatural beings 
are generally called after J)(5vi,” the Hindu goddess of destruction, whoseema to be 
indtdinitely subdivided or multiplied by lier^vorshippers in the hills, contrarv, as the 
author was informed, to the orthodox practices of pure Hinduism. The}' talk: of this 
l)<5vi and that Devi as Italians do of the Madonna of such or such a place, honour- 
ing some more tban otluTs, as Louis XI, was wont to do in the lainiliar pages 
of Walter Scott. 

Besides the Devis there are numerous other local worships in the Hindu part of 
the Himalaya ; and, with a change in the names, we have just the same in Tibet and 
in Eastern I'urkistan. Moreover at the boundaries or the neutral ground between 
the three religions we And the very same cairns or symbols of local influences 
worabipped in common by the followers of both the neighbouring Faiths, who 
bestow each their own designation cm the same oliject. 

Those inonuments and localities whicli tlie Hindus n.'^socinte vvrith the name of 
“ Ditvi,” *^Indur,” kc. are in 'fibet called ‘‘Lhato’* {IJm meaning a god or super- 
natural power, as in Llia^sa, which m<nuis “ the abode of the gods 

In the Aliissulman districts, on the other liand, those cairns are known by the 
name of “ JMazav,” wliieh nuauis the shrine or tomb of a saint ; and such is the 
origin th(‘y ascribe to tlii'in, regardle.^s tfl* the improbability of so many holy men 
retiring to the tops of alnm.st inaeee8.Mible rocks to be buried. 

Several times tlie author found abandoned cairns in most desolate and unfre- 
mumtod spot.s. They w'cre not decked out, like the others, witli flags and rags at 
tlKi ends of poles, but had a neglected look, and were half covered w’ith drifted sand. 

The author’s wild guides, the Kirgling tribesmen, refused to recognize these 
cairns as “ Ma/ars,” though in every roped restmibling those whicli they rev'cred 
so miicli. They told him that these inounds liad been raised by a race, who frequented 
that country long before ihej/ had migrated into it. In fact they had no certain 
tradition ; and they are hut new comore thcmselv'os. 

Some Yarkandis who vv'oro q^uestioned, stated that these were Kafir” or 

infidel ” monuments, and that similar ones were to be found throughout Eastern 
Turkistan hut not in Western. 

Again, the Tibetans who accompanied the author into Turkistan immediately 
idimrilied both the Imnonved and also the abandoned ^Mazars'’ as their own country’s 
** Lhato.” One in particular attracted their attention. It was in a level part of the 
upper Karakash valley, and there seemed to bi' no reason for its existence there ; 
until at last one of tliem spiial out a remarknhlo pt'ak in the distance, which fli*at 
came into sight at the point where the cairn was erected. ThivS peak had a triple 
point ; and this, the author was informed, would in Tibet have been quite sufficient 
to ensure even the most distant view of such a summit the honour of being marked 
by a Lliato ; for 3 is a mystic number. 

If these may all bo referred back to a primitivo religion consisting of the worship 
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of mountain-demons (including in the Himalaya the veneration of tree- and water- 
demons, other natural divinities of which many traces remain), then the three 
newer religions which have since occupied this region, the Hindu, the Buddhist 
and the Mussulman, have each adopted this part of the old belief and assimilated 
it into its own system. It is curious to see their difierent treatment of the same 
belief. The Hindu gives the most supeniatural turn to it. All these spots, how- 
ever numerous or distant, have become the special habitation of one and the same 
divinity of the Hindu rantheon, who by the common people is conceived as being 
entirely separate and distinct deities, 'fhe Mussulman gives a purely human and 
ordinary explanation : certain holy men have died and been buried there. The 
Buddhist, on the other hand, leaves the old superstition alone, giving it a wide ^rth. 
The country people pay their devotions to these cairn-deities to ward oft' their dis- 
pleasure from their holds and cattle j but the Jjaina gives them no place in his 
books or in his worship. His veneration is reserv ed for the deifted saints of Budd- 
hism, following each in liis proper rank after the gi*eat Sakya-Moonee. It is true 
the Lamas sometimes help their superstitious countrymen with charms against the 
power of these cairn-deities and of other evil spirits, such as the serpent demon ; 
but this is probably illicit connivance. 

The fact is that all over these luoiintuins, under one excuse or another, the 
country people propitiate certain localized influences, which are supposed to bo 
conftned witliin certain limits. For instance, the inhabitants of an hamlet are not 
supposed to pay any attention to the object of their neighbours’ fear or 'v eneration, 
unless they place themsidves locally within its power. The Mussulman bestow s 
the least superstition on them, and the Buddhist gives tlumi tlie smallest amount of 
recognition and sanction. 

The author mentioned a ceremony which he witnessed in Ladak, and which is 
probably a relic of the supposed aiite-Buddhist w'orship. A certain female dtnty 
or demon is supposed to be revealed each year at the village of JShe, embodied in 
one or other of the members of a certain family who hold this heritage. The in- 
dividual chosen by the goddess on this occasion was dressed out in fantastic though 
costly garments with a regal tiara on his lu'ad, and when first seen was dancing in 
a weird fashion on the lofty battlements of one of the Buddhist monasteries, which 
are often so picturesquely perched on the top of a sh'ep cliff. On this dizzy emi- 
nence the goddess danced in human form, while in a little green plain below a dense 
crowd w^atched every motion with upturned faces. At last the mystic personage 
descended. IMaking his way through the crowd, he approached a spring of water 
which hubbh's up in the midst of the little plain, converting half of it into a swamp, 
which can only be crossed by a stone causeway. This causeway tenninates at the 
spring, and on its extremity stands one of these stone erections called Tdiato, hut of 
a more finished character than those before described. On the Idiato a dish of 
burning incense was placed ; and as the inspired mortal paced up and down in its 
fumes, many of the crowd approached one by one niidaskf'd liiin questions regard- 
ing fiituiity, which by the power of the goddess lie was supposed capable of 
answering coiTcctly. 

Now in all this there was one noticeable fact. Although in Tibet the Lamas 
usually form as largo a part of a crowd as monks and priests used to do in Naples 
and Home, yet on this occasion not a single Lama was visible. Not one could bo 
found to sanction by his presence the worship of this local deity. 

The author has Avitnessed almost similar devil-dances amongst the Hindu hill- 
men of the outer Himalaya. There, however, more than one person takes part in 
the ceremony, which is generally performed before tlie rnde shrine of one of these 
local deities or of the snake god the Nag. A sudden Bacchic fiii*y seems to seize 
individual members of the croAvd, ivho rush forward, trembling in every limb, and 
with glaring eyes, and haring the upper part of their body as tlioy go, they dance 
round, lashing their backs with a sort of iron cat-o’-nine tails, which is handed round 
from one to the other. In this state they are consulted by the standers by, who 
receive their words as oracles. Sometimes ten or a dozen of these devotees are 
hopping around the circle at the some moment. Their excitement is undoubt- 
edly accom])anied wilh f^omething resembling nn hysterical affbetien, whicli 
leaves them faint and exliaiisted. When they reach this stage, their friends stand 
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by to receive them while they take a short run and jump into their arms j for it 
seems the spirit cannot leave them while their feet are on the ground. 

The author has known one of these devotees writhe and roll himself along the 
ground to imitate the motion of a snake, that being the divinity in whose honour 
he was performing. 


O/i Suhhings from St, Pairicics Chair, Co, Mayo, Ireland, 

By II. Symes, F,G,S, 


On the MehUion of the Parish Boundaries in the South-east of England to 

great Physical Features, 2 ^(f^'^i*'^darly tu the Challc Escarpment, By W. 

Topley, F.G,S., Geological Survey of England and 

The author first drew attention to the fact that the outcroppings of various 
strata are marked by the occurrence tliereon of numerous villages, whilst some 
neighbouring formations have iioiu'. (rood water, a soil tit for arable culture, and 
a dry site were usiitdly found in these situations. The chalk art'a of England was 
described, and it Avas shown that everywhere along the foot of the chalk escarp- 
ment” a lino of villages occuiTed. The parishes belonging to these villages m 
nearly ever}’ ease aseiuid tin; (‘searpment, taking in more or less of the plateau 
above; it is very rare, indeed, to find a \illage on llio chalk plateau sending its 
parish down the escarpment. 

The author then di'scribed in greater detail the physical geography of the Wealden 
area, and the arrangement of the villages and their parishes along its border. Ever}’- 
where below the challc escarpment there is a line of Aillages, the parishes of which 
ascend the escarpment, wliilst the a illages above or on the chalk rarely send their 
parislies doAvn the esear])m('nt. Of the parishes around the AVealden" border, 119 
coiifonn to the rule laid doAviu wdiilst the exceptions number only six. 

The LoAverOreensaiul forms a second and inner plateau and escarpment around the 
Weald. Along tliis formation tlun-e are numerous a illages; but it is remarkablo 
that the behaviour of their parishes to the T-^ower-Oreensand escaipment is just the 
reverse of that ohscu'Acd Avith tlie chalk; for here the parishes of villages upon the 
plateau go down the escarpment, and comparatively few of the villages on the flat 
beloAv (or the AVeald Olay) send their parishes up tlie escarpment. These and 
other points discussed aahuc illustrated by sections and large maps, in which ejich 
parish aa’us separately coloured. 

The author oontendod tliat in the facts here described avc have evidence of the 
order in Avhich the country aa as settled. Much of the chalk area must ahvays 
have been, ns noAV, open land; oAcr thi-^ area aav lind numerous Celtic remains. 
The first setllenient Avonld lake place along the foot of the chalk escarpment; and 
ill the division of land resulting from these, some area of doAvn-land AA'ould bo 
taken in in one din‘clion, and wood-land or p^A^tulo in the other direction. There 
Avould thus be a line of settlements with their appropiiated lauds all along the foot 
of the elialk esearpnienU. Later settlements took place ahmg the Lower-Green- 
sand urea ; these Avould find the land idl occupied in one direction, toAvards the 
chalk, but in the other direction, or toAvnrds the great Wealden forest, the land 
Avas all unappropriated. In this direction, down the escarjmicnf, they therefore ex- 
tended. Th(^ evidences of tliosc later settlements may he found in local names. 

The date of our parishes is for the must part unknoAvn. The boundaries of those 
wholly Avithin tlie Weald Avero not settled till the century after the Conquest ; 
these were the latest fonned. The earliest, or those along Ihe chalk escni’pment, 
would appear from llieir names to be chiefly Englisli. 

The author concluded his paper as follows : — ‘‘ In speaking as I have done of the 
probable relative date of tlie various settlemenfs and tlieir parishes, 1 of course do 
not mean that onr parishes date so far back. The date at which most of our 
parishes Avore fornnul, and c\cn whether tliey wore originallv civil or ecclesiastical 
divisions, is all involved in doubt; and I do not pretend tliat this investigation 
throws iniich light directly upon the subject. Still, 1 think, it does give a little. 
If pariahes were ever formally planned out, it seems in the highest degree unlikely 
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that such striking agreement with the physical features as I have shown to exist 
should occur. Probably such features would be altogether ignored j or if taken 
into consideration would be seized upon as boundaries. One could scarcely desire 
a more striking physical feature for a boundary than the chalk escarpment ; but wo 
have seen that it is only in rare cases tliat this forms the boundary of a parish ; 
generally it is well within tlie parisli, which stretclujs up and often far beyond it. 
The boundaries cross the escarpment, in nine cases out of ten at right angles to it. 
So again with the Lower-Greensand escarpment ; although in its relation to the 
parishes it acts exactly the reverse of the chalk escarpment, yet tln^y agree in 
rarely forming parish boundaries. To this it may bo answenul tliat, wliatever tlie 
origin of parishes, whether civil or ecclesiastical, whether by grouping or sub- 
dividing (Tivisions of land previous!}" existing, regard would necessarily be had to 
the shape and extent of those divisions. This, I tliink, must have been the case ; 
and considerations advanced in this paper lead us to infer that whatever may have 
been the origin of manors or parishes as such, tliey both depend upon still older 
divisions of the land, and that these were not formed by the arbitrary act of church 
or king, but resulted necessarily from the great physical features of the country.” 


The Origin of Serpent- Worship, Bg C. Stanilxnd Wake, 

After refeniug to various facts showing the existence of serpen t-worsli ip in 
many difterent parts of tlie world, the paper proceeded to consider the several ideas 
associated with the serpent among ancient and modern peoples. One of its chief 
characteristics was its power over the wind and rain ; another was its coniu'xion 
with health and good fortune, iu which character it was the Agatliodiemon. The nev- 
pent was also the symbol of life or immortality, as well as of wisdom. It was tlieii 
shown that that animal was viewed by many uncultured peoples as th<^ re-embodi- 
ment of a deceased ancestor, and that descent was actually traced by the Mexicans 
and various other peoples from a serpent. The serpent superstition thus becomes a 
phase of ancestor-worship, the superior wisdom and power ascribed to the clonizens 
of the invisible world being assigned also to their animal representatives. When 
the simple idea of a spirit ancestor was transformed into that of the (.Treat .Spirit, the 
father of the race, the attributes of the serpi'iit would be enlarged, and it would he 
thought to have power over the rain and tlie hurricane. Leing thus transformed to 
the atmosphere, the serpent would come to be associated with nature, or solar- wor- 
ship. Hence we find that the sun was not only a serpent god, but also the divine 
ancestor or benefactor of mankind. Seth, the traditional divine ancestor of tlie 
Semites, was the serpent siin-god, the Agathodiemou ; and various facts wore cited 
to establish that the legendary ancestor of the people classed together as Adamites 
was thought to possess the same character. It would appear to follow from the 
facts mentioned in the paper that sei’pent-worship, as a developed religious system, 
originated in Central Asia, the home of tin; great .Scythic stock, from which the 
civilized races of tlie historical period sprung, and that the descendants of the 
legendary founder of that stoc^k, the Adamites, w"ere in a special sense serpent- 
worshippers. 

The Bov. H. H, WiNWOor, M.A., F.G.S., exhibited some Flint Implements from 
South Africa. 


GEOGEAPHT. 

Address hy Francis Qalton, F,R.S,, President of the. Section, 

The functions of the several Sections of the British Association difier from 
those of other Institutions which pursue corresponding branches of science. We 
who compose this Section are not simply a Geographical Society, meeting in a 
hospitable and important provincial town, but we have a distinct individuality of 
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our own. We have piirpo«^es to fulfil, which arc not easily to he fulfilled elsewhere ; 
and, on the other hand, there are many functions performed by Geo{:praphical 
Societies which we could not attempt without certain failure. Our peculiarities 
lie in the brief duration of our existence, combined with extraordinary opportunities 
for ventilating new ideas and plans, and of promoting the success of those that 
deserve to succeed. We are constituents of a great scientific organization, which 
enables us to secure the attention of representatives of all branches of science to 
any projects in which we are engaged ; and if those projects have enough merit to 
earn their deliberate approval, they are sure of the hearty and powerful support of 
the whole llritish Association. 

These considerations indicate the class of sulijects to which our brief existence 
may be dewoted with most profit. They are such as may lead to a definite proposal 
being made by the C’oinmittee of our Section for t lie aid of the Association generally ; 
and there are others, of high popular interest, which cannot be thoroughly discussed 
except by a mixed assemblage, which includes persons who are keen critics though 
not pure gc'ogrnpliers, and wlio have some wholesome irreverence for what Lord 
llacoii w’ould have called the idols of the geographical (hni.” 

AVe may congratulate oiirscdves that many excellent memoirs will be submitted 
to ns, wliich fulfil one or other of these conditions. They will come before us in 
due tirder, and it is needh'ss that I sliould occupy yonr attention by impt‘rfect 
anticipatioiH of tlnuii. Hut J must .say tlnit their varie ty tt stities to the abundance 
of the object.s of geographical pursuit, other than oxpliUMlion. There is no reason 
to fear tliat the most interesting occupation of geograplKU's will bo gone when the 
main features of all the Avorkl are known: on the contrary, it is lo be desired, iu 
the iiiterivsts ol‘ the living pursuit of our .science, that the primary facts should bo 
well ascertained, iu ordi'r that g«'ographers may have adeipiale materials, and more 
leisure to devote themselves to priitciplos and relations. I look h)rwrtrd with 
eagernes.s to the growdli of Geography as a science, in the usually accepted sense of 
that word ; lor its problems are as numerous, a.s interesting, and as intricate as 
those of any otlu‘v. The configuration of every land, its soil, its vegetable covering, 
its rivers, its climate, its animal and human* inhabitants act and react upon one, 
another. It is the highest probh'in of G(‘ogi'aphy to analyze their correlations, and 
to sift the casual from the essential. TJie more accurately the crude facts are 
kmnvn, the more surely will induction proceed, the further will it go, and, ns the 
analogy of other sciences assures u.s, the iutere.st t)l’ its results will iu no way 
diminish. 

As a comparatively simple instance of thivS, I would mention the nuitiml eflects 
of climate and vegetation, on which we arc at prc’^ent very imperfectly informed, 
tliough I hope wo shall h'aru much that is new' and valuable during this Meeting, 
('ertain general facts are familiar to us — namely, that rain falling upon a barren 
country drains away immediately. It ravages the hill-slopes, rushes in torrents 
over tlu! plains, and rapidly tiiul.s its way to the sea, either by rivers or ])y suhter- 
raneaii waitercourse.s, ]ea\ ing the land unrefreshed and unproductive. On the other 
hand, if a mantle of forest oe mir.>ed into existence, the ellects of each rainfall are 
far less sudden and transient. The watcu* has to .soak through much vegetation 
and liuiniis before it is free to run over tlie snrfac*^ ; and wlien it does so, the 
rapidity of its course is checked by the .stem.s of the vegetation: consequently 
the rain-supplies are held back and stored by the action of the forest, and the 
climate among the trees becomes mon^ equable and humid. We also are familiar 
with the large difierences between the neat-radiating powTr of the forest and of 
tho desert, nl.so betw'ceii the amount of their evaporation j but we have no accurate 
know'lodge of any of the.so data. Still less do wo know about the influences of 
forest and de.sert on the rate of passage, or upon tho horizontality, of the water- 
laden wind.s from tho sea over the surface of tho land ; indeed I am not aware 
that this subject ha.s ev(T been considered, althougli it is an essential element in 
our problem. If w e w'ore thoroughly w'ell informed on tho matters about w'bich I 
liavc been speaking, we might attempt to calculate the precise difierence of climate 
uiult'r such and such conditions of desert and of forest, and the class of experiences 
wheiicti our data w'ore derived would themselves furnish t(^st.s of the correctness of 
our computiitious. This will ser^e as an example of what I consider to be the 
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geographical problems of the future ; it is also an instance of the power of man 
over the phenomena of nature. lie is not always a mere loolcer-on and a passive 
recipient of her favours and slights ; but he lias power, in some degree, to control 
her processes, even when they are working on the largest scale. The effects of 
human agency on the aspect of the earth would be noticeable to an observer far 
removed from it. Even 'were he as distant as the moon is, he could see them ; for 
the colour of the surface of the laud would have greatly varied during historic 
times, and in some places the quantity and the drift of cloud would have porc(‘p- 
tibly changed. It is no trifling fact in the physical geography of the globe tliat 
vast regions to the east of the Mediterranean, and broad tracts to the south of it, 
should have been chan;ied from a state of verdure to one of aridity, and that 
immense European forests should have been felled. 

We are beginning to look on our heritage of the earth much as a youth might 
look upon a large ancestral possession, long allowed to run waste, visited recently 
by him for the hrst time, whose boundaries he was learning, and whose capabilities 
he was beginning to appreciate. There are tracts in Africa, Australia, and at tlio 
Poles not yet accessible to geograplieis, and wonders may ho contained in them ; 
but the region of the absolutely unkiiowm is narrowing, and the career of the 
explorer, though still brilliant, is inevitably coming to an (ukI. The geographical 
w^ork of the future is to obtain a truer knowledge of the world : I do not mean by 
accumulating masses of petty details, ivhich siibstrve no coinnioii end, but by just 
and clear generalizations. We want to know all that constitutes the individuality, 
so to speak, of every geographical district, and to define and illustrate it in a way 
easily to be understood ; and we have to use that knoAvledgo to show liow' the 
efforts of our human race may best conform to the geograpliical conditions of the 
stage on which we live and labour. 

I trust it will not be thought improfital^e, on an occasion like this, to have 
paused for a while, looking earnestly towards the future of our sci(mc(‘, in order 1o 
refresh our eyes with a sight of the distant land to wliich wo are bound, and to 
satisfy ourselves that our present efforts lead in a right direction. 

The work immediately before us is full of details, and now claims your attention. 
There is much to be done and discussed in this room, and I am cliary of wasting 
time by an address on general topics. It will be more profitable that I sliouhl lay 
before you two projects of my own about certain maps, wliich it is (h'sirable 
that others than pure geogi’aphers should consider, and on wliicli I shall hope to 
hear the opinions of my colleagues in the Pommittco-room of this Seel ion. 

They both refer to the Ordnance Maps of this country, and the first of tliem to 
the complete series, well known to geo^ra})liers, tliat are publislied on the scale of 
one inch to a mile. It is on those alone tliat J am about to speak ; for tbmigh 
many of my remarks will be applicable more or less to tlie other Goa tunnient map 
publications, I think it better not to allude to them in direct Icims, to avoid dis- 
tracting attention by qualificatioirs and exceptions. 

English geographers are justly proud of these Ordnance Maps of their countrA', 
whose accuracy and hill-shading are unsurpassed elscAAdieri', though the maps do 
not fulfil, in all particulars, our legitimate desires. I shall not speak hero of th (3 
absence from the coast-maps of the sea such as the depth and character of the 
bed of the sea, its currents and its lidtis (although tliese are determined and pub- 
lished by another Department of the Government, namely tlie Admiralty), neitlu'r 
shall I speak of the want of a more frequent revision of Ibe sheets, but shall coniine 
myself to what appear to be serious, though easily nmuHliable, defects in the foim 
and manner of their publication. It is much to be regretted that thi'se beautiful 
and cheap maps are not more accessible. They are rarely to be found even in tlu^ 
principal booksellers’ shops of important country towns, and I liave never c>bservul 
one on the bookstall of a rail way -station. IManv educated persons seldom, if vver, 
sec them ; they are almost unknown to the middle and loAvcr (dnsses ; and thus an 
important work, made at the expense of the public, is practically unaAailablo to a 
large majoiity of tho.^o interested in it, Avho, Avlien they Avnnt a local map, are driA ( n 
to use a common and inferior one out of those whicli liavo the command of the 
market. 1 am bound to add that this evil is not peculiar to our country, but is 
felt almost as strongly abroad, especially in respect to the Uovernment maps of 
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Franco. I account for it by two principal reasons. The first is, that the maps are 
always printed on still’ paper, wliich makes them cumbrous and unfit for immediate 
use: it rec[uire8 large portfolios or drawers to keep them smooth, clean, and in separate 
sets, and an unusually large table to lay them out side by side, to examine them 
comlortably and to select what is wanted. These conditions do not exist on the 
crowded counter of an ordinary bookscdler’a shop, wht»re it is impossible to handle 
them without risk of iniuiy, and without the certainty of incommoding other 
customers. Moreover, their stillness and size, even when published in quarter 
sheet'^, make them most inconvenient to the purchaser. Either he has to send 
them to be inountocl in a substantial and therefore costly maimer, or ho must carry 
a roll home with him, and out olf the broad ornaimmtal bordei*s and divide the 
slu*et into compartments suitable for the pocket, which, to say the least, is a 
troublesomo operation to perform with neatness. The other of the two rca'<<jns why 
the maps are- rarely ollered for sale is that the agents for their publication are them- 
selves map-makers, and therefore competitors, and it is not to be expected of human 
nature that they should push the sale of maps adversely, in however small a degree, 
to their own inter<*sts. 

TJie renieily I shall propiiso for the consideration of the Committee of this Section 
is, to memorialize (Tovernineiit to cause an issue of the maps to be made in quarter 
slieets on thin paper, and to be sold folded into a pocket si^e, like the county maps 
seen at (jveiy railway-station, each having a portion of an index-map impressed on 
its outside, to show its conkiits and those of the neighbouring sheets, as well as 
their distinguishing uumbtTs. Aho 1 would ask that they should be sold at every 
Head Post-oliico ” in the United Kingdom. Tliere are about seven hundred of 
tliese ollices, and each might keep nine adjacent quarter sheids in stocky the one in 
which it was >itualed being the centre of the nine. An index-map ot the whole 
survey might be procurable at each of. these post-ollicc'S, and, by prepayment, any 
map not kept in stock might be ordered at any one of them, ahd received in the 
ordinary course of the post. Tliis is no large undertaking that I have proposed. 
The price of a qnartm' sheet in its present form, which is more costly than whnt I 
ask lor, used to be sold for only si.vpence j therefore the single complete set of nine 
8ln‘ets for each oiUce has a value of not more than four shillings and sixpence, 
and for all the seven hundrtHl Head Post-oilices of not more than £*100. 

1 believe that these simple reforms would be an immense public boon, by enabling 
any one to buy a b(‘autil’ul and accurate pocket-map of the district in which he 
rt*sides for only sixpence, and without any trouble. They would certainly increase 
the sale of Government ma]>s to a great extent ; they would cause the sympathies 
of the people and of their reiiresentutivcs in Parliament to be enlisted on the side 
of thi‘ ►Siirviiv, and thev would probably be imitated by continental nations. 

It has often biMui objected to any attempt to increase the sale of Government 
maps, that the State oiigdit not to interfere with private enti'rprise. I confess myself 
unable to see tin? applicability of that saying. It would bt) an argument against 
making Ordnance Maps at all : but the nation has deliherately chosen to undertake 
that work, on the ground that no pri^ate enterprise could accomplish it satisfac- 
torily ; and, having doju; so, 1 camu)t umlerstaml why it sliould restrict the sale of 
its o\vn worif, in order to give a Jictitious protection to certain individuals, against 
the interests of the publh*. It seems to me to be a backward step in political 
economy, and one that has resulted in our getting, not the beautiful maps for which 
we, as taxpayers, have paid, but copies or reductions of them, not cheaper than tho 
orj<''inal, and of very inferior workmanship and accuracy. 

So much for the first of the two projects which I propose to bring before the con- 
sideration of the (committee of this JSection, It is convenient that I should preface 
mv second one ^^ith a few remarks on colour-printing, its bearing on the so-called 
“ bird’s-eye views,” and its recent application to cartography. Golour-printing is 
an art which has made great advances in recent yeais, as may be seen by tho 
specimens struck olf in the presence of visitors to the present International Exhi- 
bition. One of lh(‘8o receives no less than twenty-four consecutivo impressions, 
each of a ditferent colour from a dilferent stone. This facility of multiplying 
coloured drawings will probably lead to a closer union than heretofore between 
geography and art, There is no reason now why bird’s-oye views ” of large tracts 
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of country should not he ch3licately drawn, accurately coloured, and cheaply pro- 
duced. We all know what a geographical revelation is contained in a clear view 
from a mountain top, and we also know that there was an immense demand for the 
curiously coarse bird’s-eye views which were published during recent wars, because, 
even such as they, are capable of fiiruishing a more pictorial idea of the geography 
of a country than any map. It is therefore to ho hoped that the art of designing 
the so-called bird’s-eye views’^ may become studied, and that real artists should 
engage in it. Such views of the environs of Loudon would form very interesting 
and, it might be, very artistic pictures. 

The advance of colour-printing has already influenced cartography in foreign 
countries ; and it is right that it should do so, for a black and wliile map is but a 
symbol — it can never be a represeutatioii of the many-coloured aspects of Nature. 
The Governments of Belgium, Russia, Austria, and many other countries liave 
already issued coloured maps; hut none have made further advance than the 
Dutch, whose maps of Java are printed with a^^parently more than ten different 
colours, and succeed in giving a vivid idea of the state of cultivation in that 
country. 

I now beg to direct your attention to the following point. It is found that the 
practice of printing maps in more than one colour has an incidental advantage of a 
most welcome kind, namely, that it admits of an easy revision, even of the most 
beautifully executed maps, for the following reason, h'lie hill-'work, in which the 
delicacy of execution lies, is drawn on a separate plate, having pt'rhaps been plioto- 
graphically reduced ; this has never to he touched, because the hills are permanent. 
It is on another plate, whicli contains nothing else but the road-work, whore tho 
corrections have to be made ; and to do that is avery simple matter. I understand that 
the Ordnance Survey Oflice has favouraldy considered the propriety of printing at 
some future time an edition of the one-inch maps on this principle, and at least in 
two colours — the one for the hills and the other for the roads. 

This being stated, I will now proceed to mention mv second proposal. 

Recollecting what I have urged about the feasibility of largely increasing the 
accessibility and the sale of Government maps, by publishing them in a pocket form 
and selling them at the Head Post-oHiccs, it seems to me a reasonable question for 
the Committee of this Section to consider whetlier CJovernment might not be 
memorialized to consider tho propriety of undertaking a redmed Ordnance ISIap of 
the country, to seiTO as an accurate route-map and to fulfil the demand to which 
the coarse county majps, which are so largely sold, are a suflicient testimony. The 
scale of the reduced Government Map of France corresponds to what I have in 
view; it is one of 5 miles to an inch, within a trifle (-n^oV^T)- of Nature), whicli is 
just large enough to show every lane and footpath. Of course it would he a some- 
wliat costly undertaking to innKe such a map, but much less so than it might, at 
first sight, appear. Its area would he only one enty-fifth that of the ordinary 
Ordnance Map, and the hill-work of tho latter might perhaps be photograpliically 
reduced and rendered available at once. The desirability of maps such as these, 
accurately executed and periodically revised, is undoubted; wliile it s(H*ma impossible 
that private enterprise should supply them except at a prohibitive cost, oecause 
private publishers are necessarily saddled with the cost of re-obtaining much of 
what the Ordnance Survey Office has already in hand for existing purposes. A 
Government Depaitment has unrivalled facilities for obtaining n knowledge of every 
alteration in roads, paths, and boundaries of commons, and Government also 
possesses an organized system in the post-offices fitted to undortnko tlieir sale. 
The production of an accurate route-map seems a natural corollary to that of the 
larger Ordnance Maps, and has been considered to he so by many Continental 
Governments. 

1 therefore intend to propose to the Committee of this Section to consider tho 
propriety of memorializing Government to cause inquiries to be made as to the cost 
of construction, and the probability of a remunerative sale, of maps such as those I 
have described ; and, if the results are satisfactory, to uuderlake the construction 
of a reduced Ordnance Map, on the same scale as that of France; to be printed in 
colours and frequently revised. 

These, then, are the two projects to which I alluded— the one to secure the sale 
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of one-inch Ordnance Maps, on paper folded into a pocket form, to be sold at the 
Head Post-offices of the United Kingdom, 700 or thereabouts in number, each office 
keeping in slock the maps of the district in which it is situated ; and the other to 
obtain a reduced Ordnance Map of the kingdom, on the scale of about 6 miles to an 
inch, to fulfil all the purposes of a road-map, and to be sold throughout the country at 
the post-offices, in the way I have j ust described. 

I will now conclude niy address, having sufficiently taxed your patience, and heg 
you to join with me in welcoming, with your best atVntion, the eminent Geogra- 
phers whose communications are about to be submitted to your notice. 


The Euphvates-Valley lloute to India, By W. P. Andrew. 

In the opening portion of his paper tho author dilated upon the many noble 
obiects which the proposed railway to India, via the luipliratcs Valley, would 
siiDservo. It would iiievitahly entail tho colonization and civilizatian of the great 
valleys of th(i Euphrates and 'I'igris, restore tlie old and renowned productiveness 
of Mesopotamia, and resuscitate in modem shape Paby Ion, Nineveh, and Ctesiphon. 
lie argiK'd tliat no direct route to ludia, amongst the many which had been pro- 
posed, eombiued so many ad\ aiitjiges as the ancient rout(i of the Euphrates. It is 
the shortest and the cheapest, both for constructing and working a railway, — so 
free from engineering diihciilties, that it appears as though designed by nature 
for the highway of nations between the East and the AVest; it is the most surely 
deA'iisiblc by England, both its termini being on tlie open sea, and the most likely 
to prove reinunerativ o. Tho other routes proposc'd, such as those from places on the 
Plack Sea, were opim to the fatal olyeetion that while tlnjy would be of the 
greatest service to ltussia,thev would be beyond the control of Great Britain ; they 
were besides excluded from practical consideration by tho engineering difficulties 
they involved. These conclusions had been demonstrated by many eminent wit- 
nesses examined before tlie recent Select Committee of tho House of Commons. 
The author admitted the value of a c»mtinuous line from Constantinople to India, but 
believed it to be too vast a project to be at present iindertakmi. The moderate 
schmiio which he advocated was a line UOO miles in length, from tho Gulf of Scan- 
deroon, via tho viyht bank of the Euphrates, to Kowait, in the north-western corner 
of IhelVrMan Gulf. Should it he found desirable hereafter to construct a through 
line to India, this portion would foima ready-made and considerable section of it. 
It was precisely that portion of the route between Constantinople and India from 
which the greatest benefit would bo derived by the substitution of railwav for sea 
transit, whetln'r regard he had to the rate of speed or the econoinv with wliich the 
traffic might he worki d. Both the proposed teiinini posse.'^s all the requisites of 
first-classharhonrs ; and tlu' line, on leav ing AloMindn Ita, would run to Aleppo, and 
along the luiphrates, by wav of Annab, Hit, Kerbela, Ntdjef, Somowha, and Sheikh 
el Sliiiynkb, to Kowait. 'I'he Enpbiates would not be crossed, and the lino would 
have tlie strategic advantage of two gieat rivers Udiig interposed between it and 
an advancing enemy on the ilank on which there would he the greatest likelihood 
of danger arising. * Tho cost of the railway was estimated at l't>,OCO,O0() sterling, 
llic advantage's of the nroposial railway to England would he the possession of an 
alternative route to India and the saving of nearly 1000 miles in linear distance. 


On the Orography of the Chain of the Great Atlas, 

By JoiiN Ball, F,B,S,, KL,S, 

The representations of the chain of the Great Atlas giv en on the most modem 
maps show how very vague and incomplete our knowledge still is. They agree in 
very little beyond tlie fact that high mountains extend in a nearly direct line from 
tlio west coast, where they approach the Atlantic, lU'iir Agadir, in about 30' N. 
lal., for about oOO miles inland, where they subside at no great distance from the 
frontier of Algeria about the parallel of 33° 30'. 

All blit the most recent maps indicate a single range similar in general character 
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to that of the Pyrenees ; while in these wo find represented two nearly parallel ranges 
at an average distance of sixty or seventy miles, of which the northernmost alone ter- 
minates near the Algerian troiitier, its axis lying exactly in the lino of the great 
shallow lakes or chotts that occupy a great part of the high plateau of southern 
Algeria, while the southern range, with some slight interruption, is continuous 
with the elevated zone that forms the northern limit of the Algerian Sahara. The 
details, however, as given in these recent maps are strangely discordant, especially 
in regard to the region lying E. and N.E. from the city of Morocco, and connecting 
the main range with the mountains of North Morocco. 

It is not surprising that such discrepancies should exist, when it is known that 
the best maps have been compiled with no better materials than the reports of 
natives, and that none but a very small portion of the entire region has ever been 
traversed by civilized men. In regard to (lerhard Rolilfs, one of the most remark- 
able of recent African travellers, it must bo remembered that lie was forced to 
maintain a rigid disguise, to associate constantly with natives, and to suit his move- 
ments to theirs. He was unable to make more than scanty and occasional notes, 
and was altogether debarred from the use of instruments. It is not surprising that, 
under such conditions, his contributions to the topography of a region never before 
visited by European traveller tend more to excite than to satisfy curiosity. 

During the spring of last year the Sultan of Morocco, at the request of the British 
Minister, Sir John Drumnioiid Hay, granted permission to Dr. Hooker, the eminent 
Director of the Royal Gardens at Kew, to explore the portion of the Great Atlas 
subject to the Imperial authority; and although the main object of the party, con- 
sisting of Dr. Hooker, Mr. Maw, and myself, was to investigate the flora of the 
mountains, it was not unreasonable to expect that we should be able to make some 
considerable addition to existing geographical knowledge in regard to a region so 
little known. 

Those who are best acquainted with Morocco will be least sui*prised to learn that 
in this respect the expedition has not borne abundant fruit. The obstacles whi(;h 
stood in the way were partly anticipated by us, but were in great measure 
insuperable. 

The authority of the Sultan extends over but a small portion of the region included 
under the denomination Great Atlas; it is, in fact, limited to the northern declivity 
of the main chain, and only throughout the western part of this, for it extends to a 
distance at the utmost not more than 120 miles E. of tlie city of Morocco. The 
time at our disposal was too limited to enable us to explore even the limitiid field 
that was thrown open to us. I'he cares and responsibilities attaching to his 
oflicial duties prevented Dr. Hooker from prolonging his stay in and near the 
mountains beyond about three weeks, and the private engagements of Mr. Maw 
compelled him to separate from us and to relurji to England at a still earlier date. 
Rut by far the most serious obstacle which we encountered nro^e from the persistent 
though covert opposition of all the persons holding local authority, aggravated arid 
not seldom stimulated by the chiet of oiu* escort, whose charge, as we liad been 
assured, was to remove all impediments from our path. 

But for the ditficulties incessantly placed in our way, we should undoubtedly have 
attained several of tlie higher peaks, and could not fail to have learnt a good deal 
respecting the disposition of the greater inassi's and the direction of the main 
valleys in the territory which we could not actually traverse. 

In point of fact we were able to nnvke but two considerable ascents. On the first 
occasion, when wc ascended tlie Tngherot Bass in a storm of snow and hail tliat 
completely intercepted all distant view, tlie cold was so severe tliat w’c willingly 
turned our faces from the storm when only ]\[r. iMaw, the foremost of the party, 
had actually set his foot upon the summit, about 12,000 feet above tlio sea-level. 
On the second occasion, after Mr. Maw had left us, we attained a conspicuous 
p('ak, called Djebel Tezali, about 11,500 feet in lieiglit, in a much lower part of 
the range than that previously visiteal. In addition to the very limited results of 
personal observation, we naturally availed ourselves of every promising opportunity 
for obtaining topogi'aphical information from natives. JMiich of the information 
obtained in this way appears to mo utterly unreliable, especially when derived from 
persons holding local authority; but the particulars supplied \>y a very intelligent 
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Jew residing iu Morocco, so far as they ve.sfc on pcr. 3 on?il kiiowlcdg^j, deserve more 
confidence. 


The following are the chief points as to whicli I think myself entitled to express 
an opinion, premising that as to some of them I may place undue confidence in my 
own personal conclusions : — 

1. riio portion of the Atlas chain that is seen from the city of Morocco is con- 
siderably hitjher than has generally been supposed. The chief summits appear to 
be nearly ot the same height, and the majority of those approach very nearlv, if 
they do not occ-asioiially surpass, tho level of 14,bD0 feet. Westward of ihe district 
of (flaoui, S.W. of the city of Morocco, tlie range subsides gradually as it approaches 
the coast. 


2. There is a certain amount of tolerable evidence tending to show Unit tho 
interior part of tho range extending from the upper valley of tbe Wed Tes^uoiit to 
the frontier of Morocco contains peaks of higher elevation thaji any seen by us. 

.‘5. The existence of an aiiti-Atlas ui* range parallel to the liiiiin cliain, and 
enclosing on tho south side the great valley tho Sous, was e'^tabli»ilii'd by Uohlf'<, 
if not by previous travellers ; but w*i are probably the first who have looked across 
the wide intervening space and scanned the outline of tlui anti- Atlas. The portion 
.seen by us at a distance of from 50 to 00 miles is far less bohl in form than the 
main range. The utmost height of that portion can scarcely exceed 10,000 feet. 

4. Tlie iiup compiled by iJapt. lieaudouin, and publislnid in Paris at the Depot 
Gdiitlral do la Guerre iu 184S, which is decidt'dly tho best tli.it has hitherto 
appfiared, is defective in representing the main chain as arising abruptly from the 
low country, scarcely indicating considerable lateral valleys. At the s.iuie time it 
should be remarked that the projecting ridges which divide the^e lateral valleys 
appe.ir to be lower, in comparison with the peaks of the main chain, than is usual in 
other great moiintain-rauges. 

5, There is a marked teiuhmcy to tlio formation of considerable valleys parallel to 
tho main cluiin, and in such cases the remark made in the last paragraph does not 
apply. Some of tin' liiglier peaks, and amongst them that nam-vl .>[iltsiu by the 
late Captain Washington, lie iu ridges nearly parallel to tho main chain, 

0, It appears at least possible that the anti-Atlas, if wo may so denominate the 
range forming the southern boundary of tho Sous valley, is merely an example on 
a large scale of one of tho parallel rwlges just referred to, maui’ examples of whicii 
are to he found in better known mountain-regions, ^ 

7. Tho existence of two parallel chains so continuous as those represented in 
Gerhard llohlls’s map appears to be open to reasonable doubt. In the absence of 
diri'ct eiidence, it appears at least equally probable that the conformation of tho 
main chain may be be>t represented l)y a series of ridges slightly inclined to the 
axis of elevation of the entire mass. 

8. The remarkable valley of the Beiiimguald, laid down on Beaiidoiiin’.s map as 
exteudijig more than one hundred miles from 8.E. to N.W. in a manly direct line, 
must be ])ronounc(‘d imaginarv or based on false information, Tho details given in 
Koidfs s ‘ it'use durch Marokko,’ liowevcr incomplete, are manifestly inconsistent 
with the general plan of the mountaiii-system laid down iu tliat map. 


On the Geographical. Dhtrihuilon of Forests hi India. Bg T)r. Brandis. 

In all countries the cliaracter of forest vegetation mainly depends on soil, climate, 
and tlie action of man. In India tho greater or less degree of moisture is perhaps 
the most important element iu this respect. Moisture and rainfall are not identical 
terms. In man}" parts of India and tdsewhero dew and tho aqueous vapour 
dissolved in the atniosphoro, or tho water derived from the ovorliow of rivers and 
from percolation, are sources of moisture a^ important for the maintiuinnce of arbo- 
rescent vegetation as Urn fall of rain .and snow. It would greatly facilitate tho 
labours of the forester and of tholiotanist, who inquire after the geographical distri- 
bution of forest-trees, if tlie amount of atmosplieric moisture and tho formation 
of dew durin" the seasons of tho year hi different p arts of India had been sufficiently 
studied; but'lu the present state of our knowledge we must bo satisfied with dividing 
1872. 15 
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India into regions and zones according to the more or less heavy rainfall during the 
Year, The arid region, with an annual rainfall of loss than fifteen inches, occupies 
a large portion of the north-west corner of India, from the Salt range in the north 
to the mouths of the Indus in the south, and from the Suleiman range in the 
west to the Aravulli Hills in the east. It includes the southern portion of the 
Punjah, the province of Sindh, the States of Bhawulpoor, Khyrpoor, Bikanir, 
Jessulniir, and the greater part of Marwar. Throughout this vast region, which 
covers an area equal to that of tlio kingdom of Prussia, with a population of from 
twelve to fifteen millions, the rains are not only scanty but most uncertain. It is 
not a rare occurrence for several years to pass m succession without any showers, 
and then there is a lieavy downpour, generally in winter, and occasionally in 
August or September. Tlicie are, however, no regular winter or summer rains. 
A scanty, thorny scrub on the hills and in the northern part in the plains also 
gives ample employment to the hutanist, for it is here that the representatives of 
the Arabian and Persian flora mingle with the yegetation which is peculiar to 
India; but the work of the forester is mainly confined to the belts of low country 
along the Indus and its great branches. In Sindh, fur instance, the area of forest 
land which is under the exclusive control of the State covers .‘150, 000 aert s, all 
situated on the fertile alluvial soil on both banks of the Indus, some of which is 
inundated annually by the summer floods of this large river, the remainder being 
moistened by percolation. In lower and middle Sindli a large portion of these 
forests consists of Acacia arahicn, more or less pure, with a shade so dense that 
very little grass or herb grows under the trees. In northern Sindh (‘xtensive shrub- 
forests of tamarisk, wdth standards of Acacia and Populus euphraticaj cover large 
tracts along the banks on both sides of the river. As the Indus changes its course 
from time to time, leaving dry last year’s bed and breaking througli at another 
place, forming a new channel, the fresh banks and islands which are thus thrown 
up are covered at once by a dense growth of self-sown seedlings of tamarisk, with 
a sprinkling here and there of the acacia and poplar ; and in other places large 
tracts of old forests are earned away by the encroachments of the river. Outside 
these forests a little further inland, but still to a certain extent under the moisten- 
ing influence of the river, are vast tracts of Pr(m>pi.i spicif/em, Salvador ay and Cap- 
parts aphylla, and further north, in the Punjab, where the rainfall is more regidar 
and its annual amount approaches or exceeds ton inches, these dry woodlands, 
mainly composed of Prosopisj Cajyparu, and Salvadoray cover a vast extent of 
country between the rivers of that province. These woodlands are commonly 
known under the name of Hukhs, and they extend far into the second zone, whicn 
the author proposes calling the dry region of India, and in which the nonnal rain- 
fall is between fifteen and tliirty inches. There are two zones of dry country : one 
running on the north and east of the arid region in a belt from one hundred to two 
hundred and fifty miles wide, leaving the foot of the Himalaya range about Umhalla, 
touching the Ganges at Futtehgurh, and including Agra, Jhansi, Ajmere, and 
Deesa. This he proposed calling the northern ry zone ; its natural forest vege- 
tation is scanty, hut better than that of the arid region. In some of the States of 
Pajpootanathere are extensive woodlands of arabicaj ProsopiSy and a species 

of AnogemtiSy carefully preserved, to funiish cover for game, a regulnr supply of 
wood and grass, and, in times of drought, pasture for the cattle of the vicinity; 
and in some parts of the Aravulli Hills, where cultivation mainly depends on the 
water stored up in tanks, the value of preserving the scanty thorny scrub on the 
hills, in order to regulate the filling of the tanks from rain, is recognized by the larger 
landholders. Nor must we forget that we owe the maintenance of the forests in 
Sindh and of the rukhs in the Punjab to the action taken by the former rulei-s, 
and that during the first period after the occupation of the country the action of 
the British Government has not in all cases been favourable to the preservation 
of the forests and woodlands in the arid and dry regions of India. Great exertions 
have, however, been made of late years to make up in some measure for past 
neglect in this respect ; and in the Punjab extensive plantations have been esta- 
blished since I860, which now cover upwards of 12,000 acres, the main object in 
the formation of these new forests being to provide fuel for the consumption of the 
railways, and fuel and timber for the larpre towns in tliat province. There is a 
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second dry ropfion in ilio }jcninfiiilA of Indis, comprising part of the Deccan, the 
Maidan or opc‘n country ot ]\rysore, and several districts of the Madras IVsidency. 
There are exceptionally moist placeSj^wiiliin its limits, sucli as Bangalore, which, 
hoiiig situated oOOO feet al)ove the sea, has somewhat more than thirty inches rain ; 
hut upon the whole, and excluding hills, which rise considerably above the table- 
land of South India, this belt, which stretches from Nassiok in the north to Capo 
Comorin in the soiitli, has a normal rainfall of less than thirty inches. This belt 
includes Poona, Bellary, and Kurnool in the north, and Madura and 'J'innevelly in 
the south. Over a great part of it is found the sandal- w’ood {Santalum ulhnn)^ a 
small tre(i with fragrant heart wood, wliieli comes up here and there in buslie.s and 
hedg('s, hut (loos not grow gregariously and does not form pure forests. The moist 
tracts of country, with a normal rainfall exceeding st*\ eiity-fiv(^ inches, are two. 
One is a nan-ow belt on tlie westcum coast, cxt( uding from Homhay in the north to 
Trevaudvum in'tlK' south, and c<miprising lli»‘ wdiole c(Uintvy htdow Chat, and a 
narrow strip a})Ove Chat, the Litter varying in width at ditli'nmt places, but often 
only a finv mih s wid«‘, although tln^ fall on th«* cr(\st of the Chats is in ]»laces as 
h(‘avy as :>r>() iuehos. The other moist r(‘gion is much larger ; it comprises the outer 
hills of the Hiinalaya range from Kangra to Assam, gradually inciva'-ing in wddth 
from a narrow b(‘lt tw('nty to thirty miles wid(‘in the nculh-west Himalaya, and 
includ(‘s the whole of Kastcum Bengal and JLirma. The vi'getation within these 
tw'o tracts of moi^t country is e\c(‘edingly luxuriant and laried. The teak-forests 
{Teefouu f/ramfiM) of Burma, Canara, the Wyuaad and the Anamallays, the ever- 
green forests of Ihirma, Kastevn Bengal and the ■western Chats, and the extremely 
vari(‘d forest vegetation of the outer Himalayan ranges belong to this region. The 
gri'uter part of Central and a large pm'lion of Xorlhern India belongs to wdiat may 
called the inl('rmediat(‘ r(‘gion, w'ltb a rainfall betwi'en thirty and seventy-live 
indies. The exteiidve sal-forests (Shorva rohftyiti^ of tb(‘ snb-llimalayan tract and 
of (Central India are found in tlie moister parts of this V(*gion. ^Vhere the rainfall 
('XC‘e(‘ds forty inolie.s, fori'st ^ (gelation is fairly luxuriant; but the great dra'Nvback 
in tins, as in most parts of India, is the circum 'stance that the rainfall is not I’qnally 
distributed over tin* year, hut limited to tlie ram> s(‘a>on, which lanes in length 
from t\vo to six months. The year thus, in most parts of India, divides itself into 
two s(‘asons, the dry season and the rainy; and llu‘ dry si^nsou is generally the 
longer of the t%vo. I)e>vs and rare show'ers ke(‘p the grass and lea\es in the forest 
fairly moist until Janunrv or Fehruary ; after that linn* they dry up rapidly, and by 
March and April every thing is so diy that the smallest spark is sulKcieut to set it 
on lin*. Hence the jungle-fiies arc an nnnualiy (occurring institution in a great 
jiart of the country, and they do much to kct'p back forest vegetation. Successful 
attempts liaAc, liowevtr, been made within the last six years to keep out iii’os in 
some of the mon' laluahh' forests, and the efiect im the growth of the forest has 
been marvellous. In the Himalaya range moisture gradually decreases as we pro- 
co(’d inland, until a country is readied almost without rainfall, and with very little 
spontaneous arborescent vegetalicm. In the intermediate country, w ith a moderate 
supply of moisture, is the greater part of the Deodar forests (Cedrus Deodard), 
xvliicfi furnish the north-west of India with timber. Hero, as elsew'here, the 
inlbieiice of moisture on the rate of growth is remarkable. In the outer ranges, 
wdtli a rainfall of sixty to eighty inches, the Deodar attains a diameter of tw’O feet 
in from sixty to eighty years ; further inland, in the dry region, at the same eleva- 
tion, from loO to 200 years are required to form the same quantity of wood. 


On the Desiccaiion of /^outh Africa, By Dr. J. C. Brown. 


Bemarls on the Bcip-xvatcr Tcnipcraiure of Lochs Lomomh Katn7iC,a)uJ Tay, 
Bif Alexandkii Buchan, F,ILiS,E.y Becrefary (f the Scottish Mcteoroloyical 
Society, 


In two coTnmiinications made bv Sir Bobert Cliristison to the Royal Society of 
Edinburgh in December and April last, on the deep-water temperature of toch 
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Lomond, from observations made bj liim wltb a Miller- Cas->lla thermometer, 
tliree important fact^ Avero stated : — 

1. On the 12th of October, 1871, the temperature at the siivraee was 52^, from 
which it fell, on descendin*^, till at 300 feet below the smdace it stood at 42^ j 
and this temperature of 42'’ was uniformly maintained at greater depths, or o 
518 feet, the depth of the loch at the place of observation. 

2. On the 18th of Noveinbiu* following, the surlace -temperature was 40^ j at a 
depth of 250 feet 42^^ -25 ; at 270 feet and lower depths 42^. 

3. On the 10th of April, 1872, the temperature at the surface was 43°, at 150 
feet 42°-l, and from 200 to 501 feet 42° 

Hence it appears that there is a stratum of water of considerable thickness at the 
bottom of this loch of uniform temperature — that the upper surface of this stratum 
of deep water of uniform temperature was about 100 feet higher on the 10th of 
April than it was in the beginning of winter, or on the 18th of November — and 
that this deep-water temperature probably remains constantly at or very near 42°. 

During this period the temperature Avas the average of the season on fifty-one 
days, the deliciency amounting to a mean of 3°-4 ; ami above tlie aA^eragc on ninety- 
four days, the excess amounting to a mean of 4 the most markedly mild periods 
extending over v^ixty-nino days, yiz, from the 11th of January to tlie lOlh of jiarcli, 
during which the temperature Avas on an average 3°4) abiU'e that of the season j 
and the temperaturo was, for thoAvliole period of 145 days, 1°-1 above the average. 

It may be concluded that in ordinary winters the stratum of Avater of uni form 
temperaturo Avill be thicker than Sir Robert Christison found it to be this yt'ar 
in the beginning of spring; in other words, that it Avill be nearer the surface than 
170 feet. 

The late Mr. James Jardine, C.E., made obse.rvations on the tomperalure of 
Lochs Tay, Katrine, and Lomond, iu August and Septemher 1812, and again in 
September 1814, and found the deep-Avater uniform temperature of the lochs to 
be 4r‘l), 41°‘7, and 4r*5. 

These observations Avere made in tlie summer and early aiitmnu, or Avhon the 
temperature of the sea and of the lakes is about the animal maximum. Taken 
in connexion AAuth Sir Robert Oliristison’s observation, they Avarrant the conclusion 
that the deep-Avater temperature of Loch Lomond remains during the whole year 
either absolutely at, or very nearly at, the Ioav figure of 42 ^ 

Mr. Jardino’s observations also sliow that this is not a peculiarity of Loch 
Lomond, but that it is also a cliaracteristic of Lochs Katrine and Tay, and most 
probably of other deep waters. 

The mean annual temperature of the air at TiOch Jjomond, from the mean at 
Balloch Castle, situated at (he foot of the loch, calculated on tin) thirtciui years’ 
average ending 1801), is 48°, Avhich is 0° higher than the uniform deep-water 
temperature of the loch. The de(‘p-AA\ater temperature is, therefore, not dider- 
mined by the mean annual temperature of air o\er this part of the earth’s surface. 

From Forbes’s ‘ Climate of Jkliiiburgh,’ it is seen that tlie t(‘mperature there is 
under the annual mean from tlie 21st of October to the 20th of April. Assuming 
that this holds good for Balloch Castle, then the mean temperature of the air for 
these 188 days is 41°-1. 

The close approximation of this temperature of 41°‘4 to 42°, the deep-water 
temperature ot tlie loch, is such as to suggest that it in the 7)iean temperatare of the 
cold half of the year u'hwh detenniaei the temperature of the lowed stratum of water 
at the bottom of deep lakesj so long as the deep-Avatev temperature dot's not fall 
beloAV that of the maximum density of the water. As this principle, if establislied, 
would be of great importance in many questions of physical research, such as the 
deep-Avatcr iumperature of the Mt'diterraiieaii Sea, avIik'Ii Dr. (’arpt'iiter has very 
accurately ascertained, in its connexion Avith the larger question of general oceanic 
circulation, it well deserves further iuvestigatiou. 


Kvjflorailons in the Gold Begion of the Limfopo. By E. Button. 

The paper ^avean account of journeys made by the author in 1801) across the 
Limpopo and in the neighbourhood of tydenburg. After crossing the Limpopo in 
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Iho direction of tho Bubyi river, a granitic country was entered, 'svliicli continued 
to the furthest point readied, jdatiba. Tlio thih} i inis no running Avater in the dry 
seapon, hut its hanks are clothed -witli groves ofa ian-Ieaved p<alm and a fine Mimosuy 
some of the latter trees forty feet high without a bianth. The granitic formation 
ot this rejrion possesses veiy leinarkable features; vast hats stretch away for a 
distance ot sixty miles, studded ^^ith granite liills, each formed of a single mass of 
rock ridiig- to a height of COO to 1000 feet; the rock is denuded for miles, and the 
country a waterless desert. The natives huikl their huts und(‘r the shelter of large 
scales of granite on the sides of the hills and ako on the bare roiind(‘d summits, 
TsT) lkiropean could reach these places, hut the inhabitants scale tlie bills with the 
iacility of baboons. The author stated that tlieie was very little hope of the 
Limpopo ever being reiuh red a navigable ri\ er, or the country settled by a Liiropean 
population. J.ydeiiburg, linther .‘'ontb, is .^tiiated in a line agilrultural district ; 
and the country to the eastward, on the slopes of the Qiiathlanilia, is very beau- 
tiful and fertile for a distance of 100 miles. In lb70 he discoNcred gold in a 
mountain-range south-west of Lydenburg. 


On a Throvgli Jiaihvai/ llovtc to LnUa, via Jlussia and the Oxus VaUey, 
By Gkyf J vxa de Lykowski. 

The author bad traversed the route 1 h' lecommeiided, travelling on horseback a 
distance of 20(K) miles, lie estimated the length of the line at 1000 miles, 
Avheroas the route from England, via the Eu])hrale.s valley, w'as miles. From 
the Volga to the Hindoo Koosh extended a plain, lrav(n's}ihle e\t‘u now^ by wheeled 
carriages, (h’ossing the Hindoo Koosh from Indeiub to lUunshir vallev, there 
Avere only a fe.w miles of mountain. It is true there were narrow gorges along tho 
Gabul riAcr, wdueh would entail expensive works, but they were quite practicable. 


On Dr. Livlnysfoih's JUvint ikVcetvyns. By Lieut. -Colonel J. A. Gkaxt. 

The author obsmwed that it was much to bo regivtt('d that Dr. Livingstone's 
dospatche.s and letters contaiiud m) few' ohservatioins of latitude, longitude, and 
altitude, and that map-makers were consoquentiv unable to lay dowm liis vast dis- 
eo\ cries with anv di'gree of certainty. Dr. LivingstcuK' had infoimcd us that his 
great lino of drainage had hia ii traced by him liom 12 S. hat. down to 4° S. lat., 
and that he helie\e(l the waters continued to Ilow' beyond that until th(‘y joined 
the Dahr el (lazul, a Avestern tributary of the Nile. Ihit no such thing could happen. 
The I5ahr ol Lazal thronghoul its course wa.s a .^Astein of maiHu'S, .stagnant Avaters 
overgrown Avith rushes and ambadj, and .'-upplied Aery little A\a(er to the Nile. 
JNlort'over, 1 h*. SehAveinfmth, a recent Cu imaii traA eller, ofAvhose discoveries LN ing- 
stone, of course, could not be aware, had discovered the sources of the nvers of the 
Hahr el (lazal .system in from .‘L to N. lat. From the (at ts recorded by Living- 
stone that ]ugs wt'iv kept by the iiati\ es of the I aialaha country, and that the gorilla 
Avas found tlien* (both of which animaks are unknown in the Nile Lake-region), 
the author eoneluded th.at the great tjuA eller had underestimated the AAesting he 
had made in his longitude, and that In* A\a.s really on the upper AATitcrs of the 
Congo, Avliieh iloAved Ave.st into tho Atlantic. 


The Place of Ocoyraydiyy Political and Jdiysical, in Education, 

By (he llev. Ldavahi) Kale, M.A, 

Lvery one is brought into contact Avith man and nature. The lirst aim of edu- 
caLion should ho to teach the duties we OAve to man, our social duties, and to teaeli 
the advantages aa’c may derive from a proper knoAv ledge aiul applicjition of tin* 
poAvers of nature. The social duties have been taught by nieans of pliilosojdiy and 
liistorv. To learn these, tho fathers of philosophy and history had to bo studied 
in their ow'ii language. Hence arose the system of classical education, whicli at 
last degenerated'^iiito the mere teaching of Greek and Latin, or rather of Greek 
and Latin grammar, and this, too, not in a scicntiiic manner. 
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But tlie study of nature lias been practically io^nored in education. Ilumaii 
philosophy has Doen taught, but not natural philosophy. Of late years thiuo has 
fcen an attempted teaching of science in some schools, but it has been superlicial. 
All school education should bo tliorough ; but as boys and ^irls cannot learn mucli, 
what they are taught must be thoroughly taught, and must of necessity bo rudi- 
mentary. 

Education naturally divides itself into two branches, a human and natural phi- 
Ig^ophy — the one taught by literature and history, the other by mathematics and 
science. Those subjects, then, should btj ta\ight which are absolutely essential as 
introductory to both hrauchos. Th<‘se should 1)0 a language, aucituit and modern, 
arithmetic, geometrical drawing, and geography. Political geography is the proper 
introduction to the study of history, as physical geography is to that of nature. 
Geogi'aphy can ho taught thoroughly, even Avlien compulsorily taught, and bo 
made attractive both to pupil and teacher; whereas it is extremely dithcult to leach 
chemistry or astronomy (for iiistauco) comj)ul.sorily, and impossible to do more 
than teach them superticially. Tlio method of teacliing pliysical geography at 
Eton, not assumed to be the best method, is simply this : to teach by UK'aiis of 
lectures, to use no text-hook, to illustrate freely, to require constant reproduction 
of the lecture by the pupil in his own word*^, and to examine the pupils constantly 
by papers. One advantage of the method of <Muploying no text-nook is tliat it 
prevents ^^cram.’’ (Jeography is, however, in itself a study which, provid(Ml tlio 
Knowledge of the pupil is properly tested, admits of less cramming ” than any 
other study, partly from its great range, and partly from its admitting of so many 
problems being given. ____ 


Recent Changes of Level in Land and Sea, Bg II. 11 . Howobth. 

Tbis paper surveyed the evidences of all kinds of elevation and depression of 
land areas in all parts of the world, and the author bidieved they pro\<Hl thiit a 
general elevation of the gTcat laud masses of the earth was in process, with some 
limited exceptions. 

The Direct Higlnvay to India conmIeraL Bg Capt. Ejujx Jones. 

This paper advocated the construction of a railway to unite the ]Mt'diter- 
ranean at Alexandretta with Kowait on the Eeivian Gulf. Tlie olh(*r proposc'd 
routes through Asia Minor, Northern I’ersia, or via Diarhekr and the left hank of 
the Tigiis, were reviewed by the author, and shown to oiler hopeless diOiculties in 
the way of a line of railroad. Aleppo is the key to tlie entire s^sleni of railways 
in Turkey. A proposed liiuj hence to Mosul would have llu‘ ad\antng(^ of air-orb- 
ing all tlie lines of trallic from the north and east; hut in its continuation along 
the Tigris it would entail the bridging of the Euplirates twice and tlu' ddgris onc(', 
besides being oOO miles longer tliaii tin; route, along the east Ijauk of the Ihiphrales. 
The author spoke also of the more settled habits of the Arab population along this 
latter route, and of the manifest strategic and political value to Jhiglaiid of this 
line and its two termini. 


On the llelation of Forests to Ugdrologg, Bg G. Lemoine. 

The result at which the author had arrived in the, investigations on whieli he 
had been officially engaged in Erauce was, that the action t)f forests on the climnte 
of a country must bo considered as extremely doubtful. In the basin of the 
it had been established tliat forests had no special iulluenci^ on tlu‘, supply of watfu* 
in streams, as compared with similar areas of ground clothed with grass. Tin* 
only absolutely certain action of forests was their influence on the protection of 
the soil, i, e. they prevented it being carried away by rains. In consequence of 
this action, they retarded, in mountainous countries, the How of toiTcnts ; and this 
result had been well ascertained in the Department of the H antes Alp»'s, where 
the replanting of woods had extinguished torrents already formed ; hut in most 
cases turfing alone had been found to produce an equal efi’ect. Th(‘se conclusions, 
in Iho opinion of the author, ought to be carofuUy limited to the countries in 
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which tho subject had been investigated. They showed the extent of man’s 
powers in influencing climate. lie could so far modify the surface as to extinguish 
torrents ; but tho great general phenomena of the atmosphere, and the currents of 
air which determine tho climate of a country, are beyond his reach. 


Extracts from the Official Despatches of Dr, Livingstone, 

T1)0 goograpliical iiiforuialion communicated in these despatches is contained 
chiefly in that to Lord (flarendon, dated the 1st of Xovember, 1871. In this 
hitUii* J)r. liiviiigstoue states tliat he had ascertained that the watershed of the 
Nile was a broad upland ])eLwe(‘n HP and 12" S. hit., and lying from 4d00 to 5000 
feet above the sea-level. It is 70') miles in length from east and west, and from 
it flow innumerable streams, which further north unite to form two main lines of 
draiu'ige — lai'ge lacustrine ” rivers, the exploration of one of which, called tho 
central line, had occupied all the traveller’s time and mnaus down to the date of 
his despatch. 'I'he geographical results are stated to be cdiielly as follow: — The 
great river, Webb’s Lualaba, in tho centre of tlie Nih' valley, makes a great bend 
to tho west, s')oa after leaving Lake Moero, of at least 180 miles ; then, turning to 
th j north for some distance, it makes another large sweep west of about 120 miles, 
in tho course of which about 30 miles of southing are made ; it then draws round 
to north-east, receives the fiomame, iir Loeki, a large riv(*r whicli flows through 
Lake Liucolu. After the union, a largt; lake is formed, with maiiv inhabited islands 
in it; but this has still to be e.xplored. It is the fourth large lake in the central 
lino of dniinage, aud cannot be Lake Albert ; for assuming Speke’s longitude of 
Ljiji to be pretty correct, and my reckoning not enormously wrong, the great cen- 
tral lacustrine river is about live degrees west of Upper and Lower Tanganyika. The 
mean of many barometric and boiling-point observations made Upper Tanganyika 
2880 feet high ; . . . but I have more contideiice in the barometers than in the 
boiling-point^, aud they make Tanganyika over 3000 feet, and the lower part of 
tlie Central Lualaha 1 inch lower, or about tho altitudo ascribed to Gondokoro 
[nearly 2000 feet I.'’ The farthest point ho reached to tho north Wivs stated to bo 
Lit. S. 


On the Panfh'nj^ of Ynunan, Bg W. F. AIaters. 


On the Topographg of Yeddo, Bg A. ^[ossmax. 


On Polar Exploration, Bg Capt. Sjieuaud Oshoen, C,B., B.N, 

Tlie author wi.>lied to draw the attiuitioii of the As.^ociation to Polar discovery, 
aud to ask for sympathy and support in tlie ellbrts made hv the Itoyal Geographi- 
cal Society, in combination with other learned bodies, to bring about a renewal of 
Arctic discovery by llritisli seamen and explorers. Since the return of Sir Leopold 
INPUlintock, in September 187/3, from his memorable voyage in the ^‘Fox,’ and foot 
iounioy round King William’s Land, no Hrilish exploriiig-expedition had passed 
within the limits of tlio Arctic zom*, aud it appeared as if Lnglish geographical 
eiiter\n-isc in the North had lor a wliilo become exliauslcd by the exertions made 
to rescue or learn the fate of Franklin's expedition. These exertions, whicli com- 
menced in 1848 and ended in 1853, yielded a rich harvest of 'Geographical explo- 
ration, as a comparison of tho Admiralty charts would plainly slnny. From Haflin’s 
15av to Hehring’s Straits, through 90'^ of longitude and 8° of latitude, the whole 
northern shores of the American continent aud the great archipelago to the north 
was not only explored, but almo.st every foot of coast-line was searched by ship, 
boat or sledge parties. This great task was aceomplished by much self-sacrifice, 
niucii labour, and considerable suftering, but without any casualties of a serious 
chai-acter. But though British Arctic enterprise rested from 1859, it was not so 
with other countries. The seamen and geographers of America (mth that dogged 
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pert everaiico whidi formed one of their natural characteristics, never better illus- 
trated than in the recent heroic journey of Mr. Stanley to the rescue of Livingfrtone) 
were not satisfied cyen by the news broii^dit homo by line and M‘Clintock of tho 
j 4 ;lorious fate of Franklin, witli M‘Clure’s accomplishment by sliip and sledge of a 
passage from the Pacific to the Atlantic Ocean, or with l)r. Kane's report of a 
])assa}^o, vith much open water, extending northward throiigli Smith’s Sound ; but 
th(‘y immediately sent forth, by private enterprise supplemented with Government 
aid, two fresh expeditions — one, under Captain Hall, to try on foot to reach Kt'pulse 
Pay and tho estuary of the Great Fish Kivor, with the o))ject of trying to sa^e any 
documents left hy the last survivors of Franklin’s people ; and the other to add, if 
possible, fresh geographical discoveries in the promising field of Smith’s Sound laid 
open hy the gallant i)r. Kane. Captain Hall for seven years lived the life of an 
Esquimaux and returned to tell us of a vast amount of relics of the crews of the 
‘ Erebus ’ and ^ Terror ’ being stre^wed about the shores and islets south of King 
'William’s Land, to bring home the bones of probably tho late.st survivor, Lieu- 
tenant le Vescomte, but only to confirm Sir Leopold M^Clintock’s o]»inion, that l)y 
some sad fatality no written record beyond the one he picked up at Cape \iclory 
existed of that lost expedition. A^et the ardour of Captain Hall was so little 
quenched hy these long years of hardship that he again volunteered for Arctic 
labours, and was again now striving with a fresh -appoint(‘d. expedition to secure to 
his country tho honour of a polar exploration — Dr. Hay, wlio had been sent out on 
Kane’s footsteps, liaving in tho mean time returned, after carrying up tho investi- 
gation of the shores of Grinned Land, on the west side of Smith’s Sound, to the 
80th parallel of latitude, only GOO miles from the Polo, with much open water in 
sight. AVhile our Transatlantic brethren had thus nntlinchingly persevert d in 
Arctic research other European nations had not heen idle. Sweden had since 18( 0 
seuit scientific expedition after expedition to Spitzborgen, not only to explore that 
region, but also to test a theory of au open sea extending beyond it, hy which the 
navigator could reach and explore the Polar area — that great unknown space, of 
more than a million square miles, lying around the pole and within the 80th 
parallel of latitude. Captain yon Otler and Professor TSordenskiidd, after repeated 
gallant efibrts, reported no probability of reaching it in that direction. Germany, 
for ten years, under the inspiration of Dr. Petermann, of (5othn, had been attiunpt- 
ing nnsuecessfiilly to reach these Polar waters hy parsing either between Spit/- 
bergeii and Nova Zemhla, or Ijetween Spitzbergen and Gr('(‘nland ; and after en- 
countering all the ordinary perils of the Arctic voyage, and exhibiting indomitable 
courage and perseverance, the (Jernian leader, Captain Knrle Koldcway, retinned 
to tell us in 1871 wliat Parry, Koss, and Franklin had told ii.s half a gentury ago, 
that the outpour of ice hetwocii Greenland and Spitzbergen was too continuous 
and heavy for any navigator to push through, and that on the cast of Spitzbergen 
an open passage to the Ihdc was a mere philosophical dream. Act that latter 
course might still be a subject for geograjdHcal dispute had not two gnllniit 
oiHcers of the Austrian Navy lioldly essayed it fiom Tmmso, in Norway, last year. 
The results of that enterprising little voyage liad been so recently laid by Ca]itain 
O.sborn before the Koyal Geographical Society that it was nnnee(‘ssary to repeat it 
here; hut one thing was certain, that ns they went northward, and reached about 
tho 79th paralhd of lalitiuh', to the cast of Spitzbergen, they were fast approaching 
some unknown land of which glimpses hacl only previously heen obtained, ’fliis 
land must block the passage in tliat direction, its existence accounting for tho 
ahseiice of diift Polar ice between Nova Zembla and tlie North Cape of Europ(\ 
These same Austrian explorers had again put forth with tlio intc'iition of exploring 
the sea in a north-east direction from No\a Zemhla along the shoics of Sib(U’ia to 
Pehring’s Straits — a course likely to yield rirli .scientitic and geogi’nphical results ; 
and we could only wish them the God-speed ” they deserved at our hands. All 
these efibrts by Ihiropcan nations, baning ourselves, during the last ten yc^ars, 
wont to confirm the theory held now by nearly all our Arctic navigators, that 
best, the safest, and most promising route towards tho unknown Pole of onr earth 
lay "by way of BafiTin’s Day and Smith’s Sound; and hy that route the President 
and Council of the Poyal Geographical Society desired to see English navigators, 
associated with competent men of science, make a strenuous elfort next year to 
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solve the mystery of whether around our Pole there lay unknown lands, an eter- 
nally frozen ocean, or an open sea j and he would earnestly call the attention of all 
lovers of science, or those to whom the honour of our countrv and the good of its 
naval profession were dear, to the “ ^lemorandum on the llesumption of Polar 
Discovery,” issued by the President, Sir Henry Rawlinson. The harvest which a 
properly appointed expedition would reap from a scientific point of view was incal- 
culable, with our present knowledge of how well and safely to navigate and explore 
the Polar regions, as was proved by the siu^cess of all the English Arctic Expe- 
ditions from 1849 to 18o9. The (iovernment and the Admiralty liad recently 
shown some desire, during a long period peace, to promote, through na^al expe- 
ditions, the cause of science ; and he hailed, in the equipment of Ib r Majesty’s ship 
^Challenger/ under Captain Nares, associated with Professor Wvville Thomsuu, 
a return to that wis(‘ policy of our forefathers, ^vllich liad added so much since the 
days of Coo]\, Danks, and Solnnder to the sum cjf human knowledge and the ^lory 
of our country ; and he felt sure that an eanust representation by the associated 
scientific bodies of (Jreat Dritain, ns represented by the Dritisb Association, would 
(uisure the despatch of two &mall vessels, properly c(pnpped, in 187-3 to Smith’s 
Sound, thence to return to us in a coni»le ol years, bringing back a mass of infor- 
mation on all those questions of ])hYsical science which Dr. Hooker recently so 
eloquently pointed out could only be solved by a scientific exploration iu the direc- 
tion recommended by the Royal Coographical Society. 


On the Physmd Features of the Famlr and its Aryan hdiahitants. 

By R. R, Bhaw. 

The author gave as the results of his own observations and inquiries, and those 
of the late Mr. Hayward and recent Rus.sian tiavellers, that the lofty Pamir Steppe 
was not a continuous opcui plateau, supported by a meridional range of mountains 
called the Dolor, but that it was composed of a series of parallel ridges running 
oast and west, iinited by high plateaux studded with lakes, from wdiich issued 
streams, some ilo>siiig eastward and others westward. The tiaditions of two great 
branches of the Aryan race pointid to this region as tlu ir birth-place. At the 
present time the beautiful valleys west of the Pamir are inhabited by a race totally 
dilVeient from the Tartar population botli in appearance and in language, and 
claiming kindred with the Porsian-spc'nking Tajiks of Dokbara. They are of fair 
complexion, ofti'ii with light linir and hazel eves, and their features are refined 
and luindMuno. .ludgiug by the .H\anty vocabularies obtained by the author, their 
dialects, although indicating a close ntlinity with Peisinn, yet possess many roots 
which move neaily approach to 8an>crit forms, suggesting the idea of a link between 
these two Aryan modes of speech. 


Discoveries at the ForiJurn Fud of Lal e TanyanylJea, 

By H. !M. I>taxm:y. 

Mr. Stanley prefaced the reading of his paper by an account of the origin of his 
project of seurcliiiig for Dr. Liviiigbtono, and of his jouiney to Ejiji and his 
meeting with the great traveller, an account similar to that which has already 
been made known to the public. Ho commenced his account of Tanganyika by 
stating that he was enabled to fill up the soutli-eastcrn shores of the lake (at 
present a blank on our maps) with rivers, marshes, and mountain-ranges, and 
people them with powerful tnh('s. From Unyaiiyemhe he passed through Soiitlicru 
\Vnvinza, Ehha (three marches), the heaunfiil country of Ekaranga, and then 
crossed the Linelui valley to the neighhouvliood of I'jiji. At the time of his pro- 
posing to Dr. Livingotono a journey, in company, to the northern end of the lake, 
the Doctor was almost sure that the Albert Is yanza and Tanganyika communicated 
with each otlier. He had perceived, as he thought, a constant flow northward iu 
tlie waters of Tanganyika; and all the Arabs and negroes persisted in declaring 
that the liver Rusi/.i (at the northern end) ran out of the lake. As soon as 
Mr. Stanley mentioned to him the interest and importance attached to a settle- 
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ment of this question, he lost no time in preparing for the journey. Previously, 
as he stated, he had not regarded the subject as of any importance, the central line 
of drainage (». c. the Lualaba) having absorbed all his time and means. Embarking 
in a boat, and travelling northwards from Ujiji, the two travellers hugged the 
coast of Ujiji and Urundi, looking sharply into every little inlet and creek for the 
outlet that was said to be somewhere. About fifteen to twenty miles were travelled 
per diem, past lofty mountains, rising sometimes 2000 or 3000 feet above the level of 
the lake, and camping ashore for the night. Several times they were in danger from 
the natives, and tneir men had to keep watch all night, lest they should be sur- 
prised while asleep. It took ten days to reach the head of the lake ; on the oppo- 
site shore a mountain-range, ever bold and high, limited their western view and 
appeared impenetrable. The lake is of great depth : Mr. Stanley sounded two 
miles from shore and found no bottom with 020 feet of line j and Dr. Livingstone 
further south, while crossing, found no bottom with 1800 feet of line. The moun- 
tains round the northern end fold around so close, with no avenue for the escape 
of waters, save the narrow valleys and ravines by which tributary streams reach 
the lake, that were the waters to rise 500 feet above their present level, the con- 
figuration of the lake would not be materially altered. The evening before they 
saw the Rusizi, a freedman of Zanzibar declared (in answer to their questions) 
that he had been on the river the day before, and that it ran out of the lake. This 
information caused the two travellers to deliberate on their further proceedings,^ 
should they find a channel leading into Albert Nyanza ; and they decided they 
would in that case follow it and coast round its shores, in the hope of meeting with 
Sir Samuel Baker. The mouth of the river was at length found ; it was in a 
little bay about a mile in width, and was masked by a dense brake of papyrus and 
matete cane. The entrance was hot visible, and they followed some canoes which 
were disappearing mysteriously through gaps in the brake. Thus they found the 
central mouth, and all doubt as to whether it was an effluent or an influent soon 
vanished, for a strong brown flood met them, which tasked all their exertions to 
pull against. Higher up it widens into lagoons on either side, The alluvial plain 
through which the Rusizi flows into the lake is about twelve miles wide at the 
commencement, and fifteen miles in length, narrowing upwards to a point. The 
mountain-ranges on either side here approximate to within two miles, the eastern 
range passing the termination of the western. Further towards the north-west 
there was a perfect jumble of mountains. The chief Rubinga (near the Rusizi), who 
was a great traveller and readily discussed questions of geography with the two 
explorers, told them that the Rusizi rose in Lake Kivo, a sheet of water fifteen 
miles long by about eight broad, from which it escaped by a gap in the mountains. 
About twenty miles from its mouth the Rusizi is joined by the Luanda, or Ruanda, 
flowing from the north-west ; and there were besides seventeen other tributary 
streams. Rubinga had been six days to the northward, but had not heard of a 
large body of water, such as Lake Albert Nvsnza. Baker's lake, therefore, could 
not have the large extension southward which its discoverer had claimed for it. 
On their return journey to Ujiji, they coasted along the western shore of Tan- 
ganyika, visiting Uvira, where they were shown the sandy beach on which the 
canoes of Burton and Speke had rested. A little south of this rises the lofty peak 
of Sumburizi, 4500 feet above the lake-level. 

Dr. Livingstone having sent home no map of his discoveries, or any material 
from which one could be constructed, beyond the descriptions in his despatches, 
Mr. Stanley, at the request of the President, pointed out, on a map of Africa, the 
position of the rivers and lakes, as near as he could recollect, fr’om the map he had 
examined while in Dr. Livingstone's company. 


Oil the Scope of Scientific Geography, illustrated hy RemarTcs on the Climate 
of British India. By General R. Stkxchey, F.R.S., F.R.G.S. 

The author contended that geography did not mean simply adventurous explora- 
tion, the result of which seldom went beyond an account of personal adventure 
combined with a bare itinerary } it was a seiencoy and although much more com* 



TRANSACTIONS OF THE SECTIONS, 


215 


prohensive than other sciences in its scope, was to he cultivated, like them, by 
scientific method. It had for its foundation an exact description and delineation 
of the relative positions and characteristics of the various features of every region 
of the earth, which have then to be viewed in relation to the multitude of 
existing phenomeiia constituting the characters of the several regions, so that the 
laws of their mutual dependence may be finally deduced. This was usually called 
riiysical (Geography 5” hut the author believed it more correctly to be tho 
science of Cloography. Eacdi region had its special features of configuration, 
climate, and inhabitants, and tho inquiry into tho causes of tliese led us into a 
field wliich wjis almost conionuinous with the entire circle of liuman knowledge. 
Such a fi(*ld might seem too vast for individual powers, but it did not require 
especial devotion to the details of each branch of Knowledge, but only the appli- 
cation of the leading results of each. Scientific f ieograpliy, in fact, foriivd the 
best ])o.ssiblo view of tho aggregate result of all the force.s of Xature hi a connected 
loriu. Tlie author then gave a .sk(‘tcli tlui .sy.stem according to which, in his 
O'^timation, geographical observations ougbt to be treated in order to comply with 
the. r(‘quireineuls of S(‘ientilic method, lie confessed that it might be ditlicult to 
realize this ideal in its completeness, and tliat the dillieulty might be thought 
insupornble to a generation that Inis not received oven an elementary education in 
])hyrtie<il scituice ; but he had great hopes of the future. In applying his concep- 
tion of geography to a desiTiption of the climate of India, he showed, by the aid of 
original diagram-inap.s, illiistralivo of tho varying amount of rainfall, the tempera- 
ture atdiHoiM'ut st‘H.^ons, and the distribution of vegetation, how tliese phenomena 
could be explaiiK'd as depoinlent on each other. 


Oji Question Is the Asiatic Emitjration to the Indies lihehj to he 
a rcrmnnrnt Fact in Modern Geotjrapluf'F^ By Sir G. Young, Bart.^ one 

of the late lioyal Commissioners to British Guiana, 

After speaking of the eondition of tho few aborigines still to bo found in the 
AV'est Indies, and more particularly of those in Hiilish Guiana, the author de- 
scrilied the state of tho African portion of the population. 

The negroes, not withstanding all the waste of life and moral deterioration induced 
by .slavery, had taken root in th<‘ .soil, had heim einaiieipated, and now formed tho 
hulk of the population throughout the Antilles and in Guiana, The cen.sns returns 
showed that their rale of increase was levy slow. In Guiana it was given at 1)000 
in ten years, upon a population standing in 1801 at 0.‘^,000, or a little under 
1 per ct'iu. per annum, ih' tlumght. howeit'r, that this might be looked upon as 
a temporary depression, and aserihed in part to tho cireumstanees peculiar to a 
geiu'vation* which had been nurtun'd in .slavery or by emaneipated slaves, and 
provided for In no musters. 'J'he men were ligorous, tho women prolific ; and an 
improiement in tlie domestic morals and in their treatment of their children, such 
as might rea.sonahly he t‘.\p‘vted to accompany their grt)wiiig material prosperity, 
Avould most pnihahly restore their imdtiph ing-power, which in the time of slaiery 
stood higher than at pre-ent. It could not bo doubted that tho ostahlishment of 
tlm African race in trt»pical America would continue to he a fact in modem 
g(M^grai)hy ) and wliat tliev had now to Aias, wliether the new Asiatic immi- 
gration was of .such di nil' unions and endued witli such condition.s of perinaneucy 
as to render it capable of holding it.s own aloiig.side the existing agriculturist 
negro population, and becoming in its turn a geogi*aphical fact. Economically 
spi'aiviiig, the answer was of the utmo.st moment. Tho Africans, for the most part, 
contented witli tho sweets of liberty, and as yet new to tho stres.s of those desires 
alter luxury and comfort whic-li impelled free races to hard continuous labour, had 
long ceaseil eitlier to reside on the plantations or to supply them with labour 
sulficieiitly regular to ensure their profitable cultivation. From the ruin which, 
owing to this and other causes, fell upon tho lUili.sli West-Iiidiau colonies twenty- 
ti VO years ago, they had been resmseitated by tho State-aided officially iv'gulated 
Oriental immigration. Capital had been drawn to them afresh, fields had been 
reJaimed, public works imdertakeii, and n new era of prosperity appeared to have 
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been entered upon, owing* to the introduction of the Coolies. Trinidad, which 
formerly stood low among her neighbours in point of enterprise and wcaltli, had 
doublecl the area of cultivation and the amount of produce; the value of estates in 
Jamaica had in some cases already doubled since the Coolies, four years ago, began 
again to come after a six years’ prohibition. It would be asked if it was possible 
that the results of the introduction of Africans during the time of the slave-tiad(i 
could bo matched by the immigration of Asiatic vohmteevs brought from a greater 
distance by government ships, under a system liable to be stopped at the iirst outcry 
of philanthropists, and so closely guarded that, as wa learnt from the last lleport 
of the Emigi'ation Commissioners, the mortality during the jNliddle Passage had been 
reduced to below 20 in the 1000, a better rate than that obtained in many parts of 
England. Since 1843, however, 137,675 East Indians, 10,222TJliinese, altogether 
153,797 of these immigrants, liad arrived in the West Indies, (Tiiiana and Trinidad 
between them taking nearly fdl the Chinese and 80 pi‘r cent, of the Indians. The 
average was 6000 every year during this period of thirty years ; but fur fourteen 
years of that time the immigration was very imperfectly developed, and occasionally 
even stopped. Since 1850 the average had been upwards of 7500 per annum, and 
during the last five years, in which no Chinese had come, the average arrival of 
Indians had been 7802 ; and there were no signs that there would be any falling 
ofi‘in the number so long as the laws of supply and demand were allowed to 
operate without interference. But tliis immigration rvas in its principle a tem- 
porary sojourn, not a permanent transference of home. A return passage was pro- 
vided gratis for all East-Indian immigrants who had resided ten years in tlie 
colony, and served one five years’ .indenture ; and the (3iincse, although their 
return passage was not paid, were free to go at the end of ten years, and they were 
notoriously given to returning to their homes from other places. lliese facts, how- 
ever, were of less importance than they might at first seem. At the present time 
less than 15,000 out of 137,000 Indians had claimed a return passage, while the 
number of them who had already spent ten years iutlie colony must amount by this 
time to 40,000 at least. The diminution iu the number of applicant ions for a 
return passage in the last year or two was traceable to the opening of Crown lands 
and the oiler of allotments to coolies in exchange for their right of return. Tims, 
in Trinidad, 285 time-expired immigrants had already received allotments, and 
90 others had purchased 910 ^acres at a stipulated price. The consequent sa\ing 
to the colony already exceeded .C4000. The lead of Trinidad was to be followed 
shortly by Guiana and Jamaica. It was worthy of remark that the planters, who 
originally opposed the scheme, fearing lest the coolies, like the negroes, should 
witlidraw from plantation labour, now desired to liave ct'>olie villages iu their 
neighbourhood, liiiding that the free labourers so settled were glad to worlv for 
them. It was not yet possilde to an.jwer the qiu'stion of tlie increase of the 
Asiatic population by statistics. Tlui mortality for the iirst ten years was 
frightful : the Commissioners lately in Guiana estimated that it reached 10 per 
cent, per annum. In 1851 one third of the whole number introduced within six 
years were already d(*{ul. The improvc'd regulations of tlie passage', liowever, and 
the very great eilbrts of the planters and Colonial CJoverjimeuts, laid brouglit (town 
the mortality to a mere fraction of the former death-rate. In Guiana and Trinidad 
it fiuctiiatctt between 3 and 4 per cent. An important Go\ernment department 
was charged with the supervision of all matters in wliich the interests of tbo 
coolies were allected. A special labour law, on which great pains had been spent, 
was administered by stipendiary magistrates, in ordm* to secure them work at 
fair wages. Medical aid was provided gratuitously, and no estate was witliout its 
hospital. After twenty years of this improved and still improving system, we 
found in Guiana that, of a population of 200,000, one fourth, or 4{),000, amto 
immigrants from Asia, while OOOO more were childniii of those immigrants, called 
Creole coolies in the colony. In Trinidad, of a population of 110,000, tliere were 
21,500 immigrants and 5500 Creole coolies, making .30,000 iu all. Tlie feniahi sex 
was as yet sadly deficient in numbens. The Colonial Oiliee insisted on a mininiuni 
of 40 to every 100 males who were recruited, and would increase the proportion 
but for the extreme difficulty of making up the quota without resorting to women 
of a character likely to neutralize all the benefits intended by their introduction. 
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At tliG p;e^ont time tlnre were in Guiana women in the proportion ot 42*21 to 
every UjO show'In;^ that tlio oqualizinj^ inlluence of the risin;^ veneration 

was biviuninvto tt^Il. After iiistiliitinv an interesting cojiiparison of the velativo 
working qnahtitHof the Coolies and Negroes, he eoncliuled by saying that he was 
inelinel, though not williout hesitation^ to staktj his credit as an observin’ upon the 
ultimate predominauee there of tlui Negro, witli a reservation, however, in favour 
ot t!ie Chinaman, if the Chinese immigration were resumed^ 


ECONOMIC SCIENCE AND STATISTICS. 

Address If/ Trof. II. Fawcett, M.P.y President of the Section, 

T(IE Prosid('iit opened the proceedings of this Section, and after a few introductory 
rein irk '(j sai I : — ^Fvery one has been saying that Ave have been for some time past, 
and that we are at the present moment, enjoying unprecedented prosperity in this 
country. Jf the well-b ung of a nation could hi s didy estimated ov trie amount of 
Wealth wliieh is pro.lueeil at liome, an I by the (|uanlity of commodities which are 
imported from aliroad, it might be concluded tliat Jhivland Wtis rapidly arriving 
at a state of perfection, and that all her pmpli^ were in process of securing an ample 
supply of the necessari<‘s and comforts of life, lad us for a inomeiit, then, ask 
Avhether sucli a result is liktdy to be realizi^d by th(‘ prosperity which at present 
pn'vails. People are b eginning to remark that prices are rapidly rising; and it 
seems to be discoV(‘red that tlie more prosperous the nation is said to be, the more 
certainly does an ad\ ance take place in the price of many of the lirst necessaries 
of life. If Ave are told that never before was so much Avcalth produced, that never 
behiro Avore the wages of so many classes of labourers so high, it may be with 
truth rejoined that never before aa'oiv many articles of daily con'^umptiou so dear. 
There has been also a general rise in house-rent. It is at once obvious that unless 
the increased Avealth Avhieh is produced is gencrallv dilfused throughout the nation, 
it AAnll of course follow that in coii'^equence of the rise of prices sonu* people may find 
themselves not more prospcu’oiH, hut Avorso olf tlian tliey Avere before, Tiiero'are a 
great many people Avhose incomes are either fixed in pocuinary amount or are regu- 
lated by customs Avhich, if not uncliangeahle, rcapiire many years to be modified. 
Nothiirg is more common than, Avhen a man dies, to leave liis AvidoAV or his daughters 
a fix(\l income. Sometimes tlie income is derived from property Avliich trustees 
are ordered to invest in some security sucli as tlie funds, in Avhich the rale of interest 
is fixed ; sometimes the income is a fixed peeiiniary charge upon some property or 
business. Then , again , there is a numerous clas.^, such as half-pay othcers and super- 
annuated clerks, Avliose incomes are also fixed. There an* also others, such as clergy- 
men, clerks, niul others, in the receipt of salaries, Avhose incomes may ultimately 
advance if tluTe is a general rise in prices ; but after the rise has taken place, a con- 
siderable time Avill elapse htdbre tlui advance is secured. It must also he borne 
in mind tliat although tliere may a great inert'ase in trade, yet the increase may 
notalhud every business ; and therefore in tliost' hnmehes of industry Avhicli remain 
unchanged, employers nnd employed may for a considerable time be unable to secure 
anv increase in tludr remum’ratiim at all eommensurato Avith the augmentation in the 
cost of living. The operative and the miner luivc secured an ad\ance of 20 or 30 
or 40 per cent, in their Avages ; but it does not iin ariably IblloAV that these advancing 
profits and this incri'ase in AA^ages .slionld bo at once nccumpaiiied by a corresponding 
advance in profits and wages in other industries and in other localities. If there is 
a groat incn'aso in the production of Avealth, accoiiipanied by a rise in the price of 
many of the necessaries of life, it docs not follow tliat all are at once benefited; 
but, on the contrary, many temporarily siifler severely. MTieii trade rapidly 
increases, it may happen, as it does at the present time, that there is a transfer of 
wealth, that some people are gelling poorer as others are getting richer. In the 
congratulations which wo indulge about national prosperity, let us not forget those 



218 


REPORT — 1872. 


who not only do not at once participate in its advantages, but who actually siifTor 
in consequence of it. But it may be asked, is the rise in prices, wliicli is now so 
marked a feature in the economic condition of England, caused by the general 
activity of trade, or is it simply an accidental coincidence ? If notliing occurs 
either to increase the supply of the precious metals, or if no change in the metliod 
of conducting business enables their use in many transactions to he dispensed with, 
it is a well-known principle of economic science that an increased production of 
wealth would caiise, not a general rise, hut a general dc^dine in prices. It has, 
however, happened that, contemporaneously with the great development of trade 
which has occurred during the hist twen{y years, there has been an enormous 
increase in the production of the prc'eious metals. It has been cahmlated that the 
total yi('hi of gold since the gold discoi cries in Australia and (kilifornia, a little 
more than twenty years since, is about I;o00,000,000. This is suppostul to he 
nearly equivalent to the entire quantity of gold existing in the world pri'^ inusl}'. 
d'here has jilso been a considerable augmentation in the production of silvt'i*. The 
(diect which has thus been produced in cheapening tlie precious nudals, or, in othm- 
words, in cdfectinga geiK'ral rise in prices, has been greatly assistt'd by an e\temli'd 
use of credit, partly owing to greater facilities in banking. When the gold dis- 
coveries in Australia and California lirst bcf*aine known, many prc'dieted that theie 
would be a gi'eat and almost immediate depreciation in the a aim; of this metal. 
This prediction was not fulfilled. The gold discoveries occurrt'd just at^the time 
when there was a great development of trade, partly produced by the introduction 
of free trade, by the extended appli(;ation of steam to indii>try, and by the develop- 
ment of the railway system. Tlio additional supplies of gold were consequently lor 
some time absorbed witliout any diadino in its value. It can nowy however, be 
scarcely doubted by any attimtive observer that a considerable deprt'ciation lias 
taken place, and that this is indicated by a marke d rise in prices, wbich is erro- 
neously supposed to he due, not to this cause, but to a general activity in trade. 
The rise in prices which has taken place since IHHO is estimated by emiruiit 
authorities as not less than 40 or 50 per cent. This ciicumstanca' partly accounts 
for the fact that the augmentation which has taken place in the production of 
wealth has not produced a greater and more perceptible inllneiu e upon tin? general 
well-being of the country. If, for instance, we discover that during the past year 
10 per cent, more wealth, estimated in money, was produced than in the previous 
year, and if during the same period there has been, owing to a depreciation in the 
value of the precious metals, a rise in prices of 5 per cent., it is at once obvious 
that one lialf of this supposed increase of wealth is not real, hut simply nominal, 
because all commodities have advanced 5 per cent. It is not, of course, intoiubnl 
to he implied that there has not been a large and real in<*roase in tlie. production of 
'Wealth. It is, however, important not to omit the deduction to which allusion 
has just been made. Bub the reason wbicb induced him to refer to the present 
general rise in prices was threefold. In the first place, he wished to point out the 
hardship and suffering which it will, at auvrate for a time, cause to certain sections 
of the community; secondly, to show wliat precautions should be taken in order, 
as far as possible, to mitigate the influence of a similar cause in future ; and, 
tliirdhq to draw the practical conclusion that at the present time certain classes 
who are most unfavourably aflected by the peculiar economic circumstances of the 
country are the very people upon whom tlie burden, both of imperial and local 
taxation, falls wdth peculiar severity and inequality. But it may probably he said, 
is not the present advance in prices temporary ? Is there any possibility that it 
can continue and increase ? In ans'wer to such inquiries, it 'would be presumptuous 
to give a positive, dogmatic answer. There is probably no subject on which it is 
more hazardous to prophecy than on the future yield of the precious metals. Some 
people may argue that the yield of gold from Australia and California cannot )>e 
maintained. On the other liand, it may be urged with equal plausibility that the 
yield of gold may he greatly increased ns labour iu these countries beconu's more 
plentiful, and as improved methods of mining are introduced. Without, however, 
attempting to decide between these two opposite opinions, we will adopt a middle 
course, and assume that about the present yield will be maintained. If this should 
be the case, it cannot he doubted that there will be a steady depreciation in the 
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value of the precious metals, and a corresponding advance in general prices; and it 
is obvious that if the rise in prices should continue, the loss wliich will be endured 
by those in receipt of lixed inoiioy-incomes will also continue. 'J'his being the 
case, we arrive at the second of the three points enumerated, and we have to seek 
a reply to the important practical question — What can be best done to mitij^ate 
the consequences resulting from such a loss ? One nr two practical conclusions 
may ho ventured upon. In the first place, it is hazardous to tie down tinistees or 
executors to invest money in sonu^ secinity in which tl)e rate of interest is fixed. 
If the money is invested in any kind of property, or in shares which represent pro- 
perty, the money value of the property and of the shares will advance with the 
rise in prices. Workmen and others wdio can only make veiy small iiivestnients 
from time to time nniy, it is thought, ha\e a great <iiilieulty in fiiuliiig such invest- 
ments as those just reeomniendcd. It is, liowe\ er, at once i '\ ident that if tie y pur- 
chase their dwelling-house by joining a huildieg society, or if tlu y invest their 
money in shares in some cooperative undertaking, Ihfw would avoid the risk of 
finding the value of tlieir savings depr^'ciated by a (hpn'ciatioii in the value of 
money ; and this risk tluy would run if tlu'y set aside a weekly sum to pureha^-e 
an annuity to commeiieo some years hence. It may seem that some of thcf'C sug- 
gestions allbrd an argument against life insuraime ; but this is really not the case 
if a jiidieious choice of an olhco is made by those v;lio insuie. Many offices divide 
their profits, oven* a certain fixed percentage, among tlie policy-holders. If, there- 
fore, the money is judiciously invested by the eonipauy, the money ^alue of tlieir 
propiu'tv will increase with the rise in prices; consequmitly the aiiiouiit to be dis- 
tributee! among the poliey-holehu’s will incre'aae, anel Avill allbnl a compensation for 
the diminution in the purchasing-power of the policy wlicn it is paid. The third 
point to which he wished briefly to direct attention is the following: — In the 
prf'sciit eircumstauces of the country, the pos.scssors of small fixed incomes are 
those who participate least in the advantages resulting from activity of trade, and 
are also those wlio suffer most from th(‘ present rise in prices : and tliere is no class 
upon whom the burdens of k.cal and imperial taxation probably fall with so much 
severity. As examples, take a wndow, a clerk, a curate, or a half-pay oflicer, wdth 
an income of £200 a year. They are liable to the income-tax. The income-taxis 
not only made a porninnent pari of our tiseal system, but a precedent was std last 
year for defraying exceptional expenditure liy means of llu' income-tax. No e]as.g 
probably lias to spiuid so large' a proportieai of their iiicuine in housi'-ront ; and it is, 
after al], upgii the eiceupiers of houses that by far the most cnwliing (dfect of h^eal 
taxation falls. Ihit the most serious injustice that seems to be done them is associated 
wdtli our poor-law system. In those branches of indiistry which are exceptionally 
prospereeiis enormous piofits are realized, and a ^re'ut advance in W'ages is secured. 
The additional wages are, to a great I'Xient, spent and not sa'^ed. Tliey are spmt 
in the purchase of more beer, spirits, meat, butter, or tlie other articles of daily use. 
The price of some of these aiticles advances with this extra dciuaiid, and the 
possessor.s of fixed incomes suffer aecoidingly. No one w’oiild suppose that ho 
(Prof. Fawcett) did not rejoice in siu'iiiglhe workman icieive a better remuneration 
for his labour, and have an opportunitv of enjoying more kisure. Put if bis extra 
wages are all spent, and nothing is laid by, what may happen? Why, trade may 
become dull. Instead of tliere being the presiuit demand for labour, tens i)f thon.^ands 
of hands may bay 0 to be discharged. Nothing liaciug heeii sa^rd in prosperous 
days, how will they live without Avork? They xvill be able to claim the right to 
be maintained out of the rates, to no small extent contributed by the very class 
(the possessors of small fixed incomes) xvlio do not now’ share in the present pros- 
perity, and who find the cost of living inert'asing. This is the injustice to which 
fie alluded. Not only does this injusliee exist, but there is reason to fear that it 
may be increased. Tliere is a general feeling at the present day tliat the burdens 
of local taxation press unfairly on certain classes. Admitting that some reform is 
needed, it must be borne in mind that unless xvo are careful xsui shall, in striving 
after greater equality, scciiro greater inequality. Some liavo gone so far as to 
suggest that there should be a national poor-rate, or, in other w’ords, that the sup- 
port of the poor should be made an imperial charge. But even if such an extreme 
proposal as a national poor-rate is not carried out, there is a demand, influentially 
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urged, that many local charges should, in part at least, be dofrtiyed out of the 
Consolidated Fund. Without now attempting to decide whether such a proposal 
ought to be carried out, it should be remembered that two very serious dangers 
are associated with it, which ought certainly to be most carefully guarded against. 
In the first place, local authorities think that public money is no one's money, and 
consequently localities would vie with each other in getting as much out of the 
Consolidated Fund as possible. He had felt it his duty, ou more than one occa- 
sion, to warn people against supposing, as they sometimes seem to do, that the 
Consolidated Fund is a great source of wealth, kept perennially supplied by the 
spontaneous bounty of nature. The Consolidated Fund represents taxation. If 
more money is obtained from the Consolidated Fund for local purposes, what new 
taxes is it proposed to levy ? or which of the existing taxes is it proposed to 
increase? This question will be answered by the electors, the majority of whom 
are not the pa3^ors of income-tax. They have been encouraged by what has been 
done in the past to throw the whole extra charge on the income-tax ; and the 
income-tax would fall with the greatest inequality upon the possessors of small 
fixed incomes, who are placed in the most unfavourable position by the general 
economic circumstances of the country. Allusion has already been made to a 
remarkable rise of prices which is going on at the present time. So far as the 
increasing dearness of commodities is due to such natural causes as the demands of 
a larger population, it would be neither possible nor desirable to attempt to control 
it. Indications, however, are not wanting that the cost of producing many com- 
modities may bo artificially augmented b}*^ the incessant demands wliich are con- 
stantly being put forward for niHchievous legislative iuterrerenco with industry. 
If we had time to examine the various measures that wore introduced into Parlia- 
ment last year, and the various measures with which we are threatened next 
Session, it would not be dilficult to show that, unless we are very careful, industry 
will be hampered by State interference much in the same way as a machine would 
be if sand were thrown among its wheels. Such lessening of industrial otiieiency 
would increase the cost of producing commodities, and the great mass of the people 
would have greater difilciilty than they have now in obtaining either a suiiiciency 
of the necessaries or an adequate supply of tlio comforts of life. 


Oil the PoUatlon of Rivers, 

By Major-General >Sir tlAMBs E. Alexajtder, F,R,8,E, 


Statistics regarding the Attendance and Education of Girls in the Elementary 
Schools of Manchester* , By Lydia E. Beckeiu 

In a recent speech at Willis’s Rooms, the Bishop of London is reported to have 
said, In the lower classes the girls were as well provided for in the matter of 
education os the boys.” This statement appears to bo one of those comfortable 
delusions by which men, who do not care to discuss what are called women's 
rights, blind themselves to the actual condition of the feminine portion of the com- 
munity. The education and remuneration of the teachers of girls prescribed 
by the code of the Education department are inferior to those of the teachers of 
boys, and consequently' an inferior quality of instruction is tlie natural result. 
Besides these disadvantages, which operate uniformly over the land, there are 
others which may vary according to the character of the population and of the 
district. There is a general belief that education is loss desirable for girls tlian for 
boys. ]\rore schools are provided for boys than for girls. Girls are more frequently 
kept at home to attend to nursing or household libour than boys. The operation 
of those causes is strikingly sliowii in the experience of tlic Scliool Board of ^Inn- 
chester. The number of children to be provided with school accommodation in 
tlie district of Manchester is (according to the calculation adopted by the Educa- 
tion department, namely one sixth of the population) 68,557, consisting of 

* Printed in e,vtenso in the ‘ Englishman’s Review,’ October 1872. 
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affdas^^of infante. The whole accommodation provided by 

work for 48 548 cSi^.r '^®gau ite 

7?" *•*"» divided :-for boys, 18,795; for.“rte 

number of lol! ,oi ^ 7 " ® ‘‘ deficiency of 10,000 in the 

ovcoss of oxvi to the number of children, there is an actual 

s “o', 55S >”»' "■ • «- 

b.i ““a.™?""!?/ 1",?""’' f ■"• «•■! » .till S»>te «.p«ritv 


Subject of Lesson. 


Oeo^frapliy . . , 

jiistory 

Oraniinaf [ , ] 

Needlework 

Object Lesson.s 

Singing by Note 

Drawing , . . . . 

bookkeeping 

Composition 

Geometry and ^Mensuration . 

Algebra 

Euclid 

Animal Physiology 

Natural Philosophy 

Political and Social Economy 
Erencli 


Number of cliildren in each subject I 
receiving instruction therein. | 

Boys. 

Girls. 

Infints, 

Total. 

4095 

20x;^ 


0378 

1979 

7.39 


2800 

3.517 

1710 

, . 

6227 


8100 

1074 

0234 

ioO 

120 

1070 

1349 

707 

180 

200 

1210 

1200 

218 


1478 

1)2 

20 


112 

10 

6 


21 

72 


* * 

72 

270 



, 270 

124 

, , 


124 

70 

, , 


70 

205 

140 

« 1 

405 

210 

, 


210 

10 

•• 

! 

10 


Tho result is to show that in these elementary schools the boysy after mastering 
the mechanical and preliminary subjects of reading and writing, are allowed an 
iiitvoduction into matters which have a tendency to enlarge their mental view. 
Tlui girls^ instead of partaking in those advantages, are occupied with tho proctico 
of needlework. The School Board of Manchester gives comparative discourage- 
nu'iit to the education of girls by its by-law, which fixes the fee to bo paid for 
girls at only three fourths that of boys. The following Table shows tho amount of 
school fees paid during one year for boys and girls respectively : — 


(Quarter ending 

Boys. 

Girls. 

Infants. 

Mixed. 

Total. 

Ropt. 1,1871 . .. . 
1)00.1,1871 .... 
JIaroh 1, 1872 . . 
May 31, 1872 .... 

i 

.€ s. d 
253 17 0 
255 1 8 

220 17 8 ' 
242 0 4 

£ s. d 
128 15 1 
111 5 4 
132 4 0 
120 4 10 

£ s. (1 
210 10 0 
217 10 6 
211 6 8 
200 0 G 

£ s, d. 
124 5 5 
OoS 13 11 
84 13 10 
122 11 2 

£ s. d. 
723 17 6 
712 17 4 
655 1 8 
700 14 10 

078 0 2 

523 9 9 

015 11 1 

430 4 4! 

2852 11 4 


The number of school orders granted, and of attendances made, show an equally 
unsatisfactory result as regards girls. Tho ligures refer to the poorest classes of 
tho people, as the orders are only granted in coses where tho parents from poverty 
are iinaulo to pay tho school fees 
1872. 
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Nine months ending May .'ll, 1872. 

Boj’s. 

Girls. 

Infants. 

Mixed, 

Orders granted 

6,802 

4,775 

0,208 

3,320 

Orders used 

5,120 

4,025 

8,053 

2,910 

Per cent, of orders not used * 

13-00 

15-70 

12-54 

12-34 

Attendances possible 

'.|8-v‘510 

.181,054 

772, ,722 

278,053 

Attendances made 


255,000 

51', 2, 442 

, 201,807 

Per cent, of possible attend, made .... 

! 76-57 

1 

(37-15 

72-00 

j 72*57 


Tlio writer suggested (1) that no girl bo oxoniptod from full-time school attend- 
ance unless it be shown that her labour is absolutely necessary for the sunport of 
the family ; (2) that in evei7 case where a girl is exempted from attenuance at 
morning school, it should be a condition that she be oxcinpled from nec'dleworh at 
afternoon school, and the whole of her school time devoted to iutcdleclual exercises. 


The im^portance of providing additional facilities for the Instruction of School- 

Board Pupils in the Higher Branches of Knowledge, By C. G. Bunting. 

The Elementary Education Act, spite of its deficiencies, will vet be regarded as 
one of the greatest benefits ever conferred by Parliament upon tfio country. 

Ilaving laid the foundation of a sound elementary education and made provision 
for its attainment, it is time to consider what steps shall be taken to provide for 
those scholars “who shall make the best nse of the advantngos no'w placed within 
their reach the means of obtaining further instruction in the subjects now desig- 
nated extra” by the Education department. 

The power given to School Boartis to exempt from compulsory attendance sucll 
Children as may pass examination in a specified standard, though attended witli 
feome advantages, is a great drawback to progress in the advanced'suimjcts. It docs 
not seem right to rew.ard a scholar for proficiency in ol)taining knowledge hy 
helping him to withdraw from the opportunity of adding to it. 8uch reward om^ht 
rather to be facilities for additional instruction. ” 

In each School-Board district, Government scholarships should he open to all 
Students in advanced subjects. The examination upon which the attainment of 
a scholarship would depend should be conducted in such a manner as to ensure 
its possession being regarded as a high honour. It ought to be supplemented by 
some ^eful prize, which should be presented to the successful candidate at a gather- 
hg of members of school boards, school managers, and parents of the scholar 
Such scholarship should secure to its possessor the advantage of a sound university 
education, for which it may be necessaiw to establish some half dozen colh'ges in 
difl'erent parts of the kingdom. The scholarship should socuro the right to three 
ycars^ residence in one of these colleges (provided ith holder passes a yearly exami- 
nation) and instruction in the higher branches of science, art, and literature from 
some of the most proficient teachers the Government could secure. Each stu- 
dent who shall pass a special examination at the end of his three years’ course 
shall be entitled to a fellowship worth from £80 to £100 annually, to be held till 
he obtains emploimient at a salary equal in worth to such fellowship. Its possession 
ought always to be considered a qualification for the civil service. As this f(dlow- 
ship would be regarded as the ^^ blue ribbon ” of school-board educational contests, 
ttie author suggested that it might be presented at the annual meetings of the 
British Association by the President for the time being. 

On International Decimal Coinage, By Herbert Burgess. 

The yrtter assumes that the establishment of an international coinage is simnly 
a question of time, also that any such coinage will be decimal. He then poinfg 
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o\it that there are now in use two flysteins of decimal coinage — the French; hoped 
on the franc, and the American, based on the dollar j live dollars being tqnnl to 
twenty shillings and ten pence, and twenty-live francs to nineteen shillinjis and 
seven pencil one standard of ■value being thus slightly above, and tho other slightly 
below the Fnglisli. llo gives the preference to tlie hnniev of these two systein>, 
but considers that one better than either maybe formed from our JCn^li&Ji coinage, 
by doubling our pound for the largest unit and dividing l)y 10, lOO, and 1000, 
making four coins of account of the respective values of 40 a\ and 4s. and nearly 
ana Tliese four coins ho has named f/rc/i (from the Greek and tia 

used in monarch c^c.), (French d'or, golden), silver pt muj, and an (old English 
one), but lays no stress on these names, wliicli he does not consider an essential 
point. 

These coins (except the smallest) he would, for convenience} of cuiToncy, di^ ide 
into halvi's and (piarters, making altogether four gold cuins=40s., liO.s., 10."., 4s., 
four silver coins E*., Cnl., 2 Jf/., and one hron/c coin = i]f/., thus using the chief 
part of our prc'^eiit issue without alteration, the only coins that could not be used 
being the half-crown, tho sixpence, and tluj fonrpeiiny and tliroepcnuv pieces ; 
the bronze ■nenny might be allmved togo griiduall y out of circulation, no new ones 
being coiiiea. That despised and troublesome coin , the faidhing. would be abolished 
altogether, the experience of both Franco and America showing that no coin so 
small is necessary; the smallest ejun in circulation would agree with the smallest 
denomination of account, as it now does in America but not in France, while tho 
lai*gest would also agree with tho largest, as it now does not in either France or 
America. 

Tho actual values of tho coins of difterent countru s would bo made to agroo 
by being raised or lowered as each case requires ; but as the Juiglish vtdues hold 
the medium place, and her pound sterling is a value universally well understood 
and approciab'd, and slu‘ her'^elf is tlie aekiKnvlcdged centre of the commercial 
wmrld, her standard seems to be the most natural and advantageous that can be 
cliosen. 

Tbo French mint might raise the values of its coins to accord with ours, by 
ceasing to charge a seignorage for coining, but giving to each coin a weight oi its 
full value in bullion as is now done in England : this, if uiiiverfully adopted, must 
greatly facilitate transactions in bullion, as its value would bo exactly cxpiTssed 
by its weight in coin. 

Our English accounts would bo converted into the new denominations by divid- 
ing the pounds by two, the shillings by four, and the pence by live, adding one an 
for every shilling reduced to p(*nce for the pui’pose of division. 

The trench accounts would require simply dividing by live; tho Amorican only 
that the decimal point should be shifted one iigure further back \ for example 


£ s. (1. 

English ....43 17 8-i 
Kew ncconiits 21 042 


franco, centimes. 

French 1007 10 

Ne\v accounts 21 *042 


dols. cents. 

American. .. .210 42 
New accounts 21*942 


In cases w*here smaller sums are required to be represented, as in marked quo- 
tations &:c., the decimal point might be used; thus, B^f/,=17*5 ans, 8|f/.=:]0*75 
ans, 8..\,(7.s=lC-7 ans. This is one particular in which this system would have an 
advantage over any based on the French franc and centime, which latttT is a coin 
much too small to* be used, yet not small enough for quotations ; ns, for instance, 
in the cotton market, wlinxi -i^jths are often quoted. Another point is that the 
largest donomiiintioii would make a very handsome and convenient gold coin 
(about tlie size of our llorin), on the other side neither 10 francs nor 100 francs 
would make a good coin for the largest in circulation, one being too small and the 

Again, the Hiissian accounts ^* 011 ^ bo brought into accord with the 4^, unit 
more easily than with the ton-franc unit, the rouble, =3s. Id., being (near) three 
oiiartors of the former, while it is three eighths of tho latter, whicli latter propor- 
tion is one not readily understood nor easily calculated by the mass ol the peoplo. 
This remark npplies*al.«o to the Geiman coinage based on the thaler, = 2fi. 11^7. 
The Austrian based on the florin, would also be with no great difficulty converted 
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into that hei'o propose 1, two florins ho'mg equal (nearly) to the second unit; the ihr^ 
and twenty to the largest, the arch. 

The system hero advocated will be seen to be much better suited for lavi^e 
accounts than is that of the Americans (which is thought by them destined to 
replace all others), yet so near an approach to it as to inaho it very easy for them 
to convert theirs into it : it would also be a much (‘asier chango for Franco tliau 
the adoption of her system would be for us. 

Many countries have now in use coins nearly agreeing with some lioro proposed ; 
indeed there is a remarkable series of coins very near in value to the propostal 
dor, 4 S’. This approximation, though of no use for international purposes, which 
would require exact agreoinont, would avoid any great disturbance in the internal 
commerce of each country— the new coins agreeing so nearly with the old that one 
would be commonly accepted as equiv'alent to tlio other, as our bronze pennies arc 
taken as of the same value as the copper coins which they have replaced, although 
intrinsically worth less. 

On Pohjgcimy as affecting Pigmlation, By Hyde Claukk, F.S.S, 

By the investigation of new facts obtained from the lives of the Turkish Sidtans, 
and the kings and princes of Europe, it Avas proved tliat polygamous indivitluals 
do not produce a larger permanent progeny than the monogamous, and that popu- 
lation is not increased by the union of oiio man Avitli a large number of women, 
but limited by the law of fecundity in man. Although tlie total tiumher of l)irtlis, 
the oflspring of one man, maybe large, and cases W(;re cited of above one hundred, 
the progeny surviving in Ids lifetime or perpetuated afterwards in no case exceeds 
that of a man married to one woman at a time or successively. It Avas further 
suggested that an element in the perpetuation of polygamous issue is intermarringe 
with the oflspring of the monogamous. 


Suggestions for improving and extending onr National Accounts : being a 
continuation of Mr. Fdlowss Paper read at the Fdlnhurgh j)[eeting, ‘‘ On 
a proposed Doomsday Boole, By Ejivnk B. .Fellows, F.S.S. 

This paper commenced by assuming that the previous suggestions of the author 
On a proposed Doomsday Book, giving the Value of (Governmental Property as a 
basis for a sound system of Accounts,’’ would be endorsed by the present Meiitiug, 
and that it Avas not therefore necessary again to discuss them. TJiis the autlior 
assumed because the Statistical and Economic Section of tlie British Association 
had at Edinburgh, after tlie reading of that paper, unanimously passed the follow- 
ing resolution, which, as it also stated the groimdAvork of tlmt papen*, Avas given 
here, as forming the text or commencement of the paper about to be read. The 
resolution was as follows : — 

That this meeting having heard IMr. Frank P. Fellows’s paper on a proposed 
Doomsday Book, giving the value of national Government property as a basis of a 
sound system of national finance and accounts, desires to urge upon the Govern- 
ment the great importance of the subject, and Avould strongly recommend that 
measures he taken to inquire into and report upon tlio question. The ^Meeting 
desires further to express its opinion that each Government department should 
have, like railway or other public companies, a capital and a current account, 
without which it deems it impi’acticable to haA'e a reliable system of finance and 
accounts, and would suggest that a scheme of accounts slioukl bo introduced by 
which a unity may bo establislied betAveen the Parliamentary finance and depart- 
mental expense or other accounts, in order that the various sums voted by tlm 
House of Commons may be traced to tlieir ultimate appropriation in statisticiil 
results, and so that greater control may be obtained over tne national expenditure', 
and tliM the President (Lord Neaves) be requested to communicate this resolution 
to the Government authorities.” 

This was moved by Sir John Bowring, F.K.S., and was seconded by Mr. II, \V. 
xreeland, late M.P. for Chichester, and was carried unanimously. 
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After brieily rccapiluluting tlie main points of the paper read at tlio Edinburgh 
Meeting last year, viz. Oji a pioposed Doomsday Dock, phing the 'N'aliie of 
(loverniiieiital Properly as the ba^s lor a sound system of National Accounts,” the 
paper proceeded to develop still further the anl hoi's \ lews as to the nmiinor in 


distiiiguislied frinu (.loveruinc'ntnl) piY)])erly al.-o be compiled after the 

manlier of the old Doouii'day Pook of \\ iJliam the (k-nqueror ; and this minor sug- 
gestii)!! liad been iidvoealt d tlie ‘ Spectatin* ’ an<l other iiiliumtial papers and 
also ])y Eail Derby, and there seemed tome probability of its being carried into 
effect. 

The great object, how<'V(T, of the main piopo.^al (?’.e. of h^l^ing a Doomsday 
Dook giving tlu! ^a^no (d* Clovernmenl pio]»eit\) was to obtain then by the basis 
of a good .system of Pailinnientai v and 1 )e])aitm(‘iital aec(nnit'*, l^y which expendi- 
ture for the cuiTont purposes of tlie }ear mi^hi he di>tinguishrd iVeni expenditure 
which really went to increase the capital <il the Go^einnient — XNhieh, lor instance, 
xvent to increase its land, Luildings, stores, 

It was urged tliat tlu'n' could he no dliehmi clieck on expenditure or the results 
of expenditure by Parliament if dishurseiiu ills tor(‘a]dtal and tor eiiiTcnl purposes 
were not rleaily distinuiiisln*!, as de|inrlnu ills might obtain from the Ilonse 
AT(),00t),f)OO and (‘xpend either 1*1 1,000, (K'O or only 0,()()0,(H)0, sinqily because the 
t'Xtra niilli(ai might be obtaiind by im diieing tlie c.ipital (f.r. plant, laiildiiigs, 
stores, iV:e. ), or by not maiiiiaining them to their iiMial ^ahie, and thus .i’l l ,000,000 
lu‘ spent h'vc urrenl ]nirpi'-< . ; or Cl,0tX),(X)O extra might be i xpc iKled lor increasing 
tin' capital (in plant, buildings, store.-., ivc.) of the department, and thus only 
.1.0,000,000 bo spimt for the ounx'nt purposi s of the }car in question. 

Tin' author pointed out in detail liowtlie variou.s de]>nitmental accounts should 
b(i eompileil, so as to gi\ (> tlie heads of IK paitmeiil.s and Pailiameiit greater control, 
fo that tlu'y might see not mendy that the moni'y x^as di.''bnrM‘d to the proper 
K’cipients, and that tliere was no nialapprepriation, hut that tln’v ha\o \aluo lor 
tin* moiu'y expeinh’d — that is, f'>xp( um* or Statistical accounts ot sinne kind (and 
tlie author pointed out Jiow tlii.s could be done) sliould be eomjiiled to show the 

results of expenditure. , , i • .l- 

To olneet to the expeu.-o of obtaining tins infoimalion appeared like objecting 
to hiue reins to du\e the coach on account of tin* expen.-e of such reins, and 
electing to let the liorse and coaih tnke their own eoui>e. ^ 

Ill illn.-^tratioii, the autlior ])ointed out that lel^^e« n the xears iMk'i and iSl ll ho 
had discovered, and ISIr. ^^eel\ had meiitioin d in the llou.-e (‘f roinmon.s about 
tliirtx' ships xvhieh had been n'paind during that time by the Admiralty, the cost 
of .such repairs hi'iiig about equal to the .-uni for as hieh similar ucav ships could 
have been bought. It Ava.- a rough rule aaIHi .shipbuilders that an old repaired 
.shin was worth about half as much as a similar la w ship, so that there liad been 
ii loss on tlu M' .‘^liins of smiie hundreds of tlious.mds ot pomid.^ ^ An aceijuni oi 
them Avould b«‘ found in tin' A])pendix to tlie llepoit ot ^Ir. Seely .s t onimittee of 
the IIou.so of (Kmimons of IS( S, “On Admiralty .Monies and Accoimts 

Tills Avas iioAvobAiated bv tin' s\.-tem of hApenj^o aeeoimts and by llic way they 
are utilized at the Admiralty, so that Mich case.s could not avoU occur again. 

In the author's opinion three things Aveie nt'eessaiy ior a perleet clieck. ^ 

hst, audit of cash ; Lhid, audit of stores, as to quantity, tor stores are money s 
value, and an audit of them is as necc.^savy as an audit of cash ; 3rd, Expense or 
Statistical accouiit.s shoAving the results of expenditure in ships built, repaired, 
vvtk-los vvoaued, or in othov rrsullo. Without tins wo may l.avo pwfect audit oi 
ridi • and of stoivs wo lua v so.- that t ho stoios said to luivo boon used to a ship have 
hoen’so nsed, and yot thoy'inay have boon used very iiiiproporly, or .may have been 
oiiiuloYod usolosslV, as in the onsi-s of excessive cost ol repa,iis of ships given in 
this nai'or, or o\p<uisi\o stor.-s or labour may Iks used n lion! iiioxpensiye stores or 
Inlioiir AA’ouUl <uHiee. Jii fact gold inav be used instead ol iron, and hundreds of 
Siisand-^ of pounds he wasted in tliis'way; niid the heads of Departments and 
thTiloio of boiuuioiis, seeing that tliey have a perfect check or auiit of cash and 
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stores, may be perfectly satisfied, and be thus lulled into a false security. The 
author urged tlio necessity of suck accounts being initiated and supervised by an 
independent authority outside the Departments, and gave suggestions in detail as 
to how this might be done, 

On a Proposal for siqyph/ing Pare Water to Villages and Country Parishes 
in Central and Eastern Divisions of England, By Professor IIoll, 


On the National Union for Improving the Education of Women, 

My Miss Siiiuiuuu-'. 

This Association dates only from November last year, when a public meeting was 
held to inaugurate it upon a plan previously sketclitxl out by Mrs. William firey, 
and to name a central committee for its niauagemeul. The long list of members 
now shown by the circulars of the Union, recognition of its work by important 
public bodies, numerous local committees formed and provincial societies aliiliated, 
mark the progress made during the few months of its existence. Of the work pro- 
posed it is only possible to say here that the scheme aims at correcting the tieop 
and widespr('ad defects in woiium’s education, by bringing into extensive co- 
operation all existing eli’orts at reform, by using ail endeavours through as many 
clianncLs as possible to kindle a deeper interest on the subject, and to combat the 
indilierence of parents and of the public. 

That indifierence r(‘sts mainly on the absence in tlio case of girls of those direct 
motives of interest which prompt the instruction of boys. Those motives might 
be seen to exist by all who consider the waste of national resources caused by tho 
ignorance of women — half the intellectual force of the nation allowed to Jo no 
work for the community. In sanitary questions, in questions of expenditure, of 
luxury, of the earliest training of childrtm, tho loss caused by the igiioraiuai of 
women is beyond calculation. A very interesting paper in tlie ‘ lleviie des deux 
Mondos ’ pointed out the loss to tho trade and commerce of France caused by the 
incapacity of women to do any of the liiglier work j and this incapacity the writer 
traced not to want of technical training, but to want of cultivated intelligenct'. 
Fathers might feel that, even as a question of domestic economy, limy would gain 
by enabliiig daughters to earn salaries, and their own business might gain in points 
beyond money value if their daughters were taught to take a share in it. 

The evil and the loss are immense, and they arc justly chargial upon men, 
because the wealth and power of the country and of each family are in lludr hands, 
and they have refused to woimm tho means of purchasing the education tlo y 
rtMpiire. The National Union, in its labour for reform, will earnestly press this 
view. But, besides striving to in ilueiice public opinion, it entors zealously into 
all practical schemes for im])r()Ying tho education and supplementing tho very 
scanty means that exist of obtaining proper instruction for girls, such as classics 
for ladies and for working women, attendance at examinations, Sic. It also gi^c s 
earnest attention to tho work of obtaining a fair share fur girls of tlui rich endow- 
ments which in many cases were originally intended to benetit them, but which 
have been mouopolizcvl for tho use of boys. 

But its most important worl: is tlio sproad of good scliools. They arc want('d 
everywhere, and fur the whole portion of society which separates those whoso 
children attend tho elementary sclunds from the wealthy and aristocratic. 

Some good schools exist, more probably tlian are Iviiown : I\fiss Beale has raised 
the Ladies’ College at Cheltoiiliam to the rank of a gri'at educational institution, 
and Miss Buss otibi-s m in London the very moded wo desire to follow ; but a few 
such schools only point tho contrast and make the gtuioral want more apparent. 
The Union has determiiual on trying tho iiistnimentalify of a limited liability 
company, by means of winch, not one school but a whole system of schools shall 
in succession be fouiuled. Tliis plan is now commencing operations. The Civls’ 
Public Day-school Company is about to establish its first school in tho S.AV. 
district of London. I'hc foes in such schools cannot be so low as in endowed 
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Bcliools, for tliey must be such as will afford not only the highest payment that 
can. securo hrst-rnte teaching, hut a moderate dividend on the capital, without 
which all hope of future scliools would bo at an end. But too much is often said 
about low fees ; they may be so low as to be only a disguised form of charity, and 
the middle classes of England can pay and ought to pay for the education of their 
own daughtors. When the dilHculty is too great, the elementary schools offer the 
rtidimeuts of knowle<lge, soundly and thoroughly taught, at so small a cost that 
the saving made by placing some children there would probably suffice to pay for 
sending the more pronii'iing of the family to higher ana more expensivti schools; 
and there will have been no Hacrifice of real education, such as would fcdlow from 
sending girls to one of the genteel seminaries, where bad French, b;ul music, and 
worse arithmetic ar<*, taught at the cost of all that stronglhcns cluiracter and disci- 
plines the understanding. One great dilliculty ha=ibeen liow to secure to a coiuuier- 
cial company its true educational character; this has been met, as hu* as possible, by 
in^(M'tiiig in the articles of association some points that are con-idcred of the most 
fundamental imp .rtanco. Two only can be mentioned here : — Isl. The Company 
will found noTU) but public day-sclnv'yls, opened to all classes and denominations; 
2ndly. Every ‘ chool rounded by the Company will have a class <.)f sjpdent teachers. 
The training of t-'aclu^rs is one of the most important subjects and one of the most 
neglected in Ihigland. 11 is curious to find that it is still a question supposed to 
admit of disrusdon ; to us it setuus that as A\ell might a doctor practice without 
knowin;r uoMlidiK* rv a l.iwvcr without studying law, tu a teacher pretend to edu- 
cate without studying tin* pnnoipl<\s of human nature and the methods of educa- 
tion. As ('very good liospitol is a school for medicine, so sliould every good school 
be a training invitation for tcacliers. 

Women licvo evevy indue. unont to follow this training. Tuition is the only 
liberal ])rofc^M’u’i t > tbeni, and their own ignor.incc has so depre.ssed their 

condition that they omipv a dillercnt level altog('th<T from that occupied by male 
teachers. And, agaiti, all worn *n ought to Vtidy ('ditcalion, becauNO by natural 
position, the large majority (jf them are nece.varily educat(n-s, while all more or less 
conn' in contact witll children. The conditimis of their life require that all should 
bo fit to be trusted in tlnj nursery as in the sick room, and therefore that iill should 
study the conditions of health and the principles of education. 

Tin' National Union, in orchu* (o carry so many important (»hjecls, can use influence 
only and appeal to the frii'iids (*f education in all parts of the country to give aid iu 
.spreading ri;_»ht \ lews and in comb ding prejudice, working steadily and inetliodicidly 
till Some symptoms (if better days shall appear wlien England may no longer think 
the education of Inr daughters a nuitler of no national iinpurtaiice. 


Oil the Ecommtc ao 1 Nni/divc VnJuc of the three imucipal Preserved 
Fooffs, vl;:. Pre, 'served Meat, and Luhifs E^^tract of Meat. 

Jhj Dr. EuwAun Smith, 


MECHANICAL SCIENCE. 

Address hj Fuederick J. Bramwell, C.E., President of (he Section, 

The practice of commencing the business of a Section by an Address from its 
President has been so generally followed for many years past, that it 
looked upon os more than a practice, and as being in ellect a rule of the Britieh 

^ tinder these circumstances I feel that were I to consult my owm inclmation, and 
were to refrain frenu taking up your time by delivering an address, I should 1^ 
iruiltv of a disrespect towards you, and should be sotting a bad example to tho 
Residents who will succeed me, and who, under the excuse of my departure from 
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an established custom, might abstain from reading addresses which would bo really 
instructive to their hearers. This being so I have an excuse for that which would 
otherwise savour of impertinence. I say of impertinence, because it is undoubted 
that many of the Members present, and,‘in fact, probably all the Members present, 
are so well instructed in the matters pertaining to our Section, that I cannot put 
forward any thing which will be new to them. It is this Avhich gives the appear- 
ance of inipertinenco to an address j but the custom which renders an address 
obligatory takes away from that appearance. And there is another cause which 
also redeems it from that appearance, and that is, that although the hearers of the 
address will not hear any thing which they did not know before, it may bring things 
to their minds which they did know, but which were lying, iys it were, in abey- 
ance ; and thus they may be forcibly reminded of subjects which they had some- 
what neglected. 

It is on these two grounds of custom and of exciting attention to that which may 
be for the moment forgotten, that I alone veiituro to take up time by addressing 
gentlemen, many of whom are my seniors, if not in life, at least in experience of 
our profession. 

The questioi\ now arises, What, among the vast range of matters which fall 
within the scope of the IMechanical Section of the British Association, shall I select 
for the subject of my address? 

I am aware that some of our former Presidents, on taking the Chair, have dealt 
generally with the progress and state of engineering kuowh'dge, — Ihey have, in fact, 
generalized. But in order to render an addrc'ss of this kind usefiil, the writer of 
it must bo a man of a gi’asp of intellect aufriciently large to really take in tlie leading 
subjects of Mechanical Science, and to deal wiBi them in a comprehensive although 
a compendious manner. Such a power as this is posscs.'^cd but by few, by the few 
who arc men of deep thought and largo experience, and who liave the faculty not 
only of appreciating that which is taking place round aboufr lliem, Init the further 
faculty of arranging, classifying, and putting into methodical oiah'r the various facts 
which their minds have embraced, and then of communicating the very essence of 
this mental arrangement to those whom tliey address. 

Such powers and faculties unhappily are not mine : I will not therefore attempt 
a task in which I must signally and utterly fail wore I to essay it, nnd I must con- 
tent myself with confining my observations to some one subject of interest. 

The point I now have to determine is, what shall my one subject be ? on what 
shall I address you ? 

I have thought over many subjects connected witli J^rechanical Science, but I 
cannot discover any thing more practically important than Coal.” Very few 
matters are of greater real interest at all times to tiio nation at largo, and very few 
are more prominently before the minds of the public at the present time ; and cer- 
tainly no subject can be more appropriate for a mechanical engineer, if for no other 
reason than this, that tlie steam-engine is still the very crowning glory of meelia- 
nical engineering, and that coal is tlio statf of life and, so to spealc, the breath of 
the nostrils of the steam-engine. 

I am aware it may be said that the subject of coal is a liackneyc'd one : no doubt 
it is. ^ Wo have had Coal Commissions ; wo have had letters in scientilic and non- 
scienlific publications, indulging in all sorts of speculations as to liow long the known 
deposits of coal could last, and wliat Averc the probabilities of discovering new 
sources of supply ; but I do not propose to trouble you at all upon the geological 
feature of the matter ; and with respect to the statistical aspect, i will merely state 
in reference to it that the raisings of coal, which in 18/55 were only (>4 millions of 
tons in Great Britain, rose to 80 millions in 1800, and to 108 millions in 1800 ; and 
I Avill also advert to the fact that the price of all kinds of coal has in the colliery 
districts risen, speaking in round numbers, about 100 per cent, within the last twelve 
months, and is still rising. 

This increase of consumption and this rise in price arc startling facts, and force 
us seriouslj^to reflect upon the use and also upon the abuse of coal. These reflections 
will make us remember that whatever the known store may be, and whatever new 
discoveries of other beds may be made, the supply after all is but a finite quantity— 
that, unlike the fuel wood, which grows year Iby year to replace the annual con- 
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sumption, iho fuel coal is given to vlb once and for all — that wc are therefore dealing 
with a store that knows no renewal — that if we w^aslo it, the sin of that waste 
will be visited upon our children — and that it becomes us to look upon C(>al as a 
most prt'cioiis, -N aluahle, and limited deposit, of wdiich wo arc tlie stewards and 
guardians, jiisti lied, no doubt, in using all that w'o lefpnvo for Icgitiinalc purposis, 
but most criminal in respect of all that we waste, whetlur that waste arise from 
w ilful indifllTcncG or from careless ignorance, an ignorance ciilpahlo as the indill'er- 
ciico itself. 

This being so, let ns see how wo do deal with coal in those? cases where coal 
must ho used, how wc might d<‘al with it in such ruM’s, and how' wc might in 
certain instances substitute other sources of povu'r for the coal wdiich we now 
consume. 

And lot us first of all consider this fpiestion of finding sources other than coal 
for our motive powxr. 

Hefure the steam-('iigine was so extensively n.sed as it now^is, the wdiid, the forco 
of streams, and the force of the tide were all employed to gi\e motive power. 

AVith respect to the powder of the w'iiid, it is to lie feared it is loo irregular to 
enable any manufaetnrei to ivly upon it in competition wdth the steam-engine. 

AVilh respect to the pow’cr of our streams, the altered condition of the soil, duo 
to increased drainage and cultivation, has .so iiiatcTinlly interh'red with the regu- 
larity of their Ilow', that their eilieiency as sources of constant puw'er is seriously 
diminish^'d, w'hile eonipetilioii with them by .‘it earn has bt'come much greater than 
it W 81 S wdieu’tho water-mills themselves were bettor oth This state of things, how'- 
ever, might ho cured, and, in tact, has been cured in certain distiicts by tin' union 
of a largi? number of niill-pioprietors to form storage-reserAoirs, from which tlio 
AvatiT can l)e delivered w'itli re gularity, .so as to give a uniform supply to the mills. 

15ut the third sourci? of w’ater-power, the tide-mill, which at one time W’as used 
to a considerahlo extt'nt, is now^ almost wdiolly discontinued. The causes of this 
discontinuance are sutHeiently obvious. 

'J'he tide-mill, as formerly const meted, could w’ork for only a limit (‘d period in 
('achehh; and, to olitaiii 1 lie full elfect, it had to utilize h»)th the night and the 
(lay tides. Jhit while ticb'-inills laboured under these disadvantages, they possessed 
the great merit tluit their pow’cr, such as it W’as, was one that could be depended 
on, and one which, although it lUictiiatcd, lluelualed regularly and wdthin Known 
and ih'fmito limits. 

1 would suggc'st that in those cases wdiere tlu're ari' largo mannfaeturing districts 
w ithin a few miles of the sea, and w'h(*re there is a large rise and fall of the tide, 
coupled, in tlu' outset at all e\ents, with natural indentations of the coast, w’hich 
mignt be compal•ati^ely readily dammed up for the storage of the Avater, there 
such storagt' .should bo math*, that the Avatcr should ho put to work turbines of 
the best kind (turbines Avhieh wnll work Avith A'ory nearly the saim; percentage of 
the total pow’er given out ])y tlie AA’ater at anv particular moment, Avhethcr they 
are immersed <n’ A^ hetlu'r they are not), that tlicse turbines should ho employed 
in pumping Avatcr at a high piv.ssure into Armstrong accumulator^, and that pipes 
should ho laid on from thoM' jiecuunihitors to the ueighbouriiig manufacturing toAvn, 
and should there deliver their poAver to the consumers, recpiiring it to bo used by 
tlK'in in Avater-prt'ssuro engines. 

Suppose a ht'ginning Averi' niiulo Avilli the city of ru’istol, Avhieh is no doubt a 
A’ory faAourable instance for the application of this suggestion. 

lli'ro th(' rise and fall of the tide might safely he taken at 24 feet. Half a square 
mile of Wi'iter enclosed Avouhl, after the most lavish deductions for loss, yield in 
J3rist(d at least 5000 horse-powa'r, prohaldy snllicicuit to replace the whole of Iho 
pewATr of the stationary engines noAv at Avork in Ihistol. 

I Avill not di'tain you by further dilating unon this subjoet: but it does appear 
to me, looking at the opportunity which good turbines giA^e of utilizing the power 
residing in Avater under constantly varying conditions of head, looking at the fact 
that by b^ir AVilliam ArmstrongAs niTaiigemcnt.s this poAver may bo transferred to 
an extremely small quantity of Avatt'r under high pressure, and that therefore such 
water may to transmitted for many miles through pipes at low velocities, even 
altiiough Ihoso pipes bo of no great size, — looking at these facts, I say, I cannot 
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help thinking that there is here open to the talent of the mechanical engineer a 
new field of enterprise, and one which, if successful, would lend to economize the 
fuel we so much value, 'and to leave more of it for consumption in metallurgical 
operations and in other operations requiring heat. 

Before quitting the subject of findiiig sources of power other than steam, the 
Section will perhaps permit me to remind them of what has been done in the town 
of Schart’hauscn by a public-spirited inhabitant in the way of utilizing the water- 
power of the Rhine, and of laying it on, so to spc'ak, to every man’s door. This 
has been accomplished by erecting turbines, which are worked by the river, and 
deliver their power to endless wire ropes carried over pulleys placed alongside the 
Rhino, the rope extending nearly from one end of the town to the other. This 
rope gives off power at the end of each street abutting on the river-bt'inlc, and that 
pow(‘r is conveyed along those streets by a shaft in a channel under the paving. 
Each manufacturer can make his own communication with these principal shafts, 
and tlius obtain the power he may require. I believe that no more is charged 
than is just snfHcient to pay for the current repairs and for depreciation. 

I will now consider the question how coal is wasted in its use ; but before doing 
so I will say a few words upon the loss that occurs in the coal-mine itself. Hap- 
pily this loss has for some years past b(‘en greatly reduced. ^lore economic sys- 
tems of working have prevailed, plans (d‘ dealing with small coal by washing aAvay 
its impurities, so as to render it tit for coking, have bo(;n largely adopted, and 
thus a great deal of that coal wliich a few yeai^s since would have remained buried 
in the mine, as not justifying the expense of raising it to tlie surface and of paying 
royalty upon it, is now brought to light and is utilized. Nevertheless wo know 
that at ordinary prices of coal it is to the advantage of the colliery proprietor, in 
many instances, to leave a considerable perc<mtage of tlic seams that are worked, 
rather than to endeavour to lesson that percentage by the use of a more expensive 
system of artificial support for the roof ; and, further, that it also pays him to leave 
altogether unworked very thin seams of coal. 

Hereafter, when coal becomes scarce, there can bo no question hut what the 
inhabitants of these islands would be glad to malce use of the now despised 
imworked seams, and also to recover the biuiedcoal of the worked seams; but sucli 
scams and such savings, although they can he worked nnd made at present, wlum 
t}i(3 mines are open, if not at profit, yet with little loss, will then only h(? capable 
of being reacdied by a reo])ening and pumping out of abandoned mines, a process 
so expensive that gi’eat indeed must be the need of our successors if they are com- 
pelled to resort to it. It is, however, difficult to see what remedy can be provided 
for such a state of things as this. I am far from suggesting that Cicn’erimieiit 
should interfere, and should say, If you work your coal at all, vou shall work the 
whole of it, and you shall not merely select those portions which will make it tlio 
most profitable speculation for you at the present day, hut which will cause a largo 
percentage to remain ungotten.” I am far from suggesting this, as 1 hold Coverii- 
ment interference to be in most instances such a mischievous thing that it is, as a 
rule, far better to put up with a certain amount of shortcoming and negligence 
than to call in as a remedy a power which is generally more iiij^irious than that 
which has to be remedied, But in the absence of any such interference, it follows, 
from the ordinary principles which regulate commercial transtictions, that a con- 
siderable percentage of coal in many districts will never be brought to tho sm’fac(‘, 
because at tho present time it does not pay to bring it. Thus in tho very outset 
wc are wasting fuel. But the prevention of this source of waste is a question quite 
as much for the mining engineer and the political economist as for tho mechanical 
engineer. I have, however, mentioned it before this Section because tho mechanical 
engineer may contribute to such prevention by devising new modes of extracting 
coal in places where hand-labour would press too lieavily upon tho men engaged 
ill tlie work, and where, therefore, their hibour would bo loo costlj% 

I now come to the question of the way in which waste occurs m the use of tho 
coals that arc brought to the surface. 

This use may be divided into two great branches, the domestic and tho manu- 
facturing. I will consider first the domestic use. 

This is a highly important branch of the subject. It is believed that out of tho 
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total of 08 or 99 millions of tons of coal which in 1869 were retained for home use, 
18J millions of tons, about one fifth of that (quantity, were consumed for domestic 
purposes (about 10 millions bein;,^ exported). 

We all of us know so intimately the way in which coals are burnt for domestic 
purposes that I fear it will seem an idle waste of time to describe it. Neverthe- 
less I really must occupy a few moments in so doing. We put a grate imme- 
diately below and within a cliimnoy, and as this chimney is fonned of brickwork, 
by no possibility con more than the moat minute amount of heat be communicated 
from the chiiimoy to the room. On this grate we make an open tire : fii'e cannot 
burn without air, and wo provide no moans whatever for the air to come into the 
fire this is a provision that not one architect or builder in a thousand dreams of 
making. The conseqiujnce is that the unhappy lire has, as it were, to struggle for 
existence. In a WL‘ll-built house especially it has to struggle; for the doors and 
windows shut tightly. The result is that tlie fire is always smoking, or is on the 
verge of smoking. We brodtlu* the noxious and wo spoil our furniture and 
pictures; in'vcrLhelosa, happily for us, the fire does siice'nnl in g-otting supplies of 
air which, even although nisullicient for the wants of the chimney draughty do 
renew the air of the room. If to satisfy the demands of the chimne^y and to stop 
its smoking a window is left a little open or a door is set ajar, we complain of 
drauglits, and we complain of the unhouiely look caused by sitting in a room with 
an open door ; so’that there we are, with aii a'-phixiati‘d fire, our smoky rooms, and 
our draughty rooms. Aloreover, the fire being iiamediately below the chimney, 
the main part of the conducted heat inevitably goes up it and is wasted, leaving 
the room to bowarmed principally, if not entirely, by the radiated heat; and wo do 
and sillier all this in order that we may .see the tire and bo able to poke it. For 
myself I must confess that if there was no cure for the o\ih I have descrilK'd other 
than thci dost*, stoves of the Continent, with the invisihhi fire and with the want of 
circulation of air in the room, I would rather put up with the whole of our present 
domestic discomforts, and even with the loss of h(‘at, than resort to the stove os a 
remedy. But there are modes by which freedom from smoko, freedom from 
draught, efildent ventilation, and utilization of tlio hoat'may all he combined with 
tlni prost'iice of the visible pokahle fire. Some members of this Association may 
r(H!()ll('e,L the papi'r that was read before it at the NorAvich Meeting in 1808 by 
C.'iplaiii Douglas (hilt on, in whicli he so ch'arly described his admirably simple 
invention of fire-grate. Tliis consisted in putting a fine to the upper part of tJio 
jiro-grate, wliich line pa^^ed through a brick chamber formed m the ordinary 
cliiiiuKW, wliich chamber was supplied witli air from the exterior of the room by a 
prop'!’ eliamnd, and then the air, after being heated in contact with the flue in tho 
chainbei*, e.'Capeil into llio room by openinu’s near tho ceiling, so that tho room was 
supplied with a copious volume of warm fresh air, which did away wdth all ten- 
dency to draughts from the doors and windows, and, moreover, furnished an ample 
.supply for tlni purposes of ventilation and combustion. Tlicsc fire-places, I regret 
to say, have hern but little used in England, from a cause I .shall have to advert to 
lirreafter — a cause whicli, asl believe, stands in the way of the adoption of improve- 
ment generally. The merits of these fire-places were at once j .knowledged by tho 
French, 's\ho iiiadt' tho most careful and scientific investigation of their wording ; 
and the^ found that with such fire-places throe times the ofiect was obtained from 
aghi'ii weiglit of coal that eould he got witli those of the onlinary construction. 
No doubt there are many other plans by which the same end as that attained by 
Captain Dalton may he arrived at; and yet wo go on year after year building new 
houses, making no improvement, oxpo.sing outscIvc.s io all the annoyances, and, 
wor.st of all, wasting the precious fuel. As.sumo that wo were to set ourselves 
vigorously to work to cure tliis state of things, can it ho doubted that in ton years’ 
time wo might halve the consumption per household, and do that not only without 
inflicting any discomfort or depriving the hou.seliolder of any gratification, hut with 
an absolute addition to warmth and an increase of cleanliness, a benefit to health 
and a saving of exqxnise ? Moreov(*r it must he romemherod that with tho imper- 
fect comhustioii of domestic fires, large volumos of smoko are poured into the air. 
We know how much freer from smoke town atmosphere is in summer time 
than it is in winter lime, and this simply ou account of the smaller quantity of coal 
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that is being burnt. Suppose that we could reduce the total consumption both in 
summer and in winter by 60 per cent., what an enormous boon that would be even 
in the one matter of a pure atmosplicre I 

The other way in which we use coal is for purposes of manufacture ; and this, 
again, may be divided into two branches at least—namoly, the coal that is employed 
tor obtaining power and tlie coal tliat is employed hi metallurgical and oilier 
operations not immediately connected with the production of power. To treat of 
tliese latter cases first, they are far loo numerous to bo d('alt with in detail, and a 
few of the principal therefore only must he considered. Take tlui subject of cokt> 
makiug*. llow much coal is heated in clamps and in kilns to ho converted into 
coke, and in how few instances is any use made of the whole of the heat residing 
in the gaseous parts of the coid Avliieh arc driven olf. This heat frequently amounts 
to 30 per cent, of the whole of that which is in the coal. 

We conio next to the smelting of iron. Take the pitdimiiinry process of calcining 
the ore. Ill those cases where the ore is black band,” llie ore so common in 
Scotland, the calcining is dune by the combustion of the carbonaceous mailer 
mixed with tlio ore. Tar more tlian the quantity of fuel requisite for tlie calci- 
nation is associated with this ore ; hut the whole of it is burnt off, and no eU'oit 
whatever is made to utilize the surplus heat. Then, wTth regard to the blast- 
furnaces for smelting iron. Hero still, almost iiniversally in Scotland, lliat large 
scat of the iron manufacture, and to a considerable extent in England, llu' waste 
gases arc suilerod to issue from the fiirnaee-top, iiliiminating the country for mih'S 
round, and bearing tc'stimoiiy to the inditlerence of the owner of the furnaces to a 
'waste of our store of fuel. Upwards of GO \ears ago, viz. in 181 1, tin* utilization 
of these gases W'as suggt'sted in France ; but not niiicli w’us done for 30 yenr.s. 
About 1810, however, their use hecanie not iiifieqiu'nt in that country, and their 
manufacturci's and chemists taught us that the gas thus recklessly w^asted inigl)t be 
collected ami utilized, and made to replace the fuel (‘xpended in hcatiiUi’ the Ind 
blast-stoves and in raising steam for the blowing-engiiu's. Ihit, for tlu‘, can.^c' w hidi 
has been and wdll be alluded to, the adoption of this plan was very slow' iiulei'd in 
England. It has now been in use, liow'e\er, for many years in our best coinhuled 
works ; but, as a proof of the slowuiess of its introduction, the furnaces of S( otlaml, 
as I have already said, are even to this day almo.-t nniv«‘rsa]ly worked upon the 
wickedly w'asteful principle of allowing these gases to burn idly aw'ay. 

Take, again, the melting of steel in crucibles, where the heat it^suos from the 
furnace of necessity hotter than the heat of the melted steel (for weio it not .so it 
would cool it) j and of this issuing heat, as a rule, no use whatever i.s maih'. 

Take, again, the licating-furnace and puddling-furnace of our ironworks ; -s ( ry 
commonly from tlie.se heat at a gv<‘utertempe ratine than that of welding iron (■.‘-ejipi'i^ 
up the chimneys disregarded, us though it had co.st nothing for its gem'ration. 

In many w'ork.s, it is true, a portion of this heat is utilized for generating steam ; 
hut far more steam can be obtained than is required, even with the im^t uimece.s- 
sary and lavish consumption of it, and tliiw in great ironwork.s boibu’s in w’lii(‘li the 
steam is generated by the w’aste heat of the furnacc.s may be .seen constantly blow'- 
ing off large volumes of .steam at the valves ; and many furnaei's are in u.'-e to wdiieli 
no boilers are applied, for the simple reason that they w ould be ab.‘>oliitidy siipev- 
lluou.s. TTiis wuistu of heat in steel-melting and in fuiiiace.s Jur iron and fur otlier 
nietallurgical operations is by no means nece.ssary, altliougli it might be. urged that 
it is; and it might be said that if a funiacc i.s to heat a body to 3(X)0 degree.^, )oii 
must of necessity alloAV the heat to escape at that temperature, or rather at .‘^onu'- 
thing above it, or else in lieu of beating the body you will he cooling it, and that 
you can no nioro trap escaping hont than 3 'ou can trap a sunbi am. Jhil one of my 
predecessors in this Uluiir, J\lr. 8 icni(*u.s, ha.'^, n.s w'o know”, shown ns that you can 
trap the heat, and that you can so Iny hold of it and store it up lliat the ga.ses as 
they pass into the chimney from the furnace in which there i.s, .«ay, even melting 
steel shall bo lowered in their temporaturo down to that w'liich will not char a 
piece ot wood ; and be lias .shown us how this stori'd up heat may ho commimic'atod 
to the separate streams of incoming air and gas of his ga.s-furnflces, so that tli(!y 
ahall enter the furnace at a high temperature, that temperature to be increased by 
their union and combustion in tho furnace. 80 beautifully can this trapping of 



Tll-VNSACTtOXS 01' THE SECTIONS. 


533 


heat ho carried out, and so successfully Ctin tho heat he retained by very trifling 
attention on the part of tho workmen to the apparatus, that Mr. Ramshottoiir, the 
late Locoinoiivo {Superintendent of the London and North-Western Railway, knew 
ho should not he applying too dedicate a test when he inserted the ends of pieces of 
wood through openings into tlio outgoing linos of tlie steel-heating furnaces at 
Orovve. Those pieces of woo<l were padlocked in their phice.^, wore taken out 
periodically, and if they were found to be burnt it was known that the man in 
charge of tho furnace had been n(>gligent in his duty of saving fuel and had mis- 
used the Siemens apparatus. But aithough this invention has been before tho 
public for very inany years, and although it has had the approval of Faraday and 
of every other distinguished scientiiic man who has investigated the question, and, 

I am glad to say, tho approval of tlie leading minds among tho users of furnaces, 
iievortlieloss, for the general reason I shall have to allude to, the progress of this 
invention has been by no means commensurate with its importance ; and it is not 
too much to say that manutactnrers would rather waste cheap coal than embark 
capital in new furnaces, and, more than all, bo at the trouble of instructing and of 
watcliing over their workmen. 

Next, let us consider how we are dealing with coal when wo use it for obtaining 
motive power in our stenin-engliies. 

Steam-engines may be di\idcd into the four great heads of marine, locomotive, 
portable, and lived. Including within tho term steam-engine the boiler as well 
as till', engine, waste may arise in a steam-engine in two way.s, either in one of 
them or in botli combined. It may arise from an inipfirfcct utiliisation of fuel in 
the production of steam (that is, a waste duo to the boiler and to the bring), or it 
may arise in an improper use by the engine of the steam provided for it by the 
boiler. There can bo no question but that the boiler waste is, as a rule, very'largo 
indeed. 

A pound of fair coal is tlieorctically capable of evaporating from the boiling- 
point 1.3 lbs. of water. I do not belii've that T shall overstate the case when I say 
that on an avorag' not more than from om* third to one half of this quantity is 
obtained from the w'liole of tho boih'rs in U'^e. 

This poor result arises from a variety of causes: — Ist, bad firing, which moans 
bad combustion ; 2nd, insulHcii'ut surface^ to absorb tlie h(*at ; 3rd, an unclean con- 
dition of that surface (‘itlier from internal or external depo&it, or both ; 4th, a faulty 
proportioning of tho parts of the boiler to (‘acli other and to tho w^irk to be done, 
which can.se heated wali*r to be carried over wdtli the steam — a cause of deficiency 
of evaporation, 'which, how’over, so far from being ns a rule detected, goes to swell 
tilt* apparent duty of the boiler. 

Bad tiring may result in the lire being loo thick, or too thin or iiTognlar. If too 
thick, the carbonic acid that is generated by the combustion of the Itnver part of 
the fuel w'ith which tlie air first comes in contact i.s chaii«icd in its passage through 
tlie upper part of the find into carbonic oxide, liy absorbing from the fuel a second 
(‘qnivalcnt of carbon. If this gas, carbonic oxidi*, does not meet with free atmo- 
spheric air, ami meet it at a suitable temperature in the upper part of tho 
fiimace, it must remniii micon.snmed, and wdll pa.s.s through tho flues or tubes of 
the boiler and make its escape into the air, carrying wdth it tho valuable iincon- 
snmed carbon of tho coal in a gaseous form. It is commonly said that smoke is 
nneonsumed fuel. This is trm* ; but it is not commonly recollected that there may 
be invisible smoko arising (even from a eoke-fire) wdiioli shall contain the highly 
comhustiblo iugreclit'ut carbonic-oxide g^as. When it is remembered that every 
pound of coal burnt into carbonic acid is capable of evaporating, as has already 
been said, about 13 lbs. of water from 212 ', while a pound of coal converted only 
into carbonic oxide is capable of evaporating but 4 lbs., it will be soon how 
necessary it is tliat no mismanagement of tlio fire should cause a portion of the fuel 
thus to escape nnbuvnt up tho chimney. 

Aiiotlier defect in the management of a fire (an opposite defect, as it were) by 
which coal may he wasted is tln^ adinis-sioii of too much air ; and this arises when 
the lire is too thin in relation to tho chimney-draft, or when (a more coinmon evil) 
it is thin in places, owing to the negligence of tho firemen in keeping it properly 
levelled. 
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The way in which waste arises fi*om these canaos is, that luniecessary air is 
introduced into the fire at a teinperature of, say, (.>0°, and that this air lias to lie 
heated, and then (even if the heat ho abstracted from it, as far as praclicahlc hy 
the boiler) it will ( scape up the ehiiunoy at a ienipernture of from 200° to f>00'^ in 
excess of that which it haclj and the whole of this excess represents wasted coiil. 
Thus, on the one hand, it is of importance that there should be a proper amount of 
air to secure the perfect conversion of the carbon into carbonic acid; and, on the 
other hand, it is most desirable that this amount should not be exceeded, involving* 
the necessity of uselessly heating air not wanted for combust ion. Such a happily 
balanced state of things it is almost impossible to secure by hand-liring, almost 
impossible, but not absolutely impossible, though only attained at competitive trials, 
and when these trials are conducted by highly skilled men. 

In such trials of portable engines before tln^ judges of the Koyal Agricultural 
Society of England, tho firemen will put coals upon the lire as frec^iieiitly as f(.)rty- 
fivo times in an hour, the quantity put on at each time being, as may bo supposed, 
little more than a spoonful. 

Writers on the nuinagoment of the stoam-ongine usually advise that tho fire-doors 
should be opened as little as posbible, and that the liring should take place about 
every quarter of an hour. 

Under ordinary circumstances they may be riglit ; but when it is desired, regard- 
less of the amount of manual labour, to obtain every particle of useful ('licet out of 
tho fuel, it is then found to be remunerative to open the door, not four tinu's an 
hour, but more than forty tinu's an hour, taking care, however, that it is only 
opened for the fraction of a second. It is by tliis frequent feeding of a small 
quantity of coal, distributed over the lire, that the competitors arc enabled to 
insure a uniform condition of that fire to receive the action of the air. Th('y know 
precisely the amount of draught they have got, and by experience they also know 
what thickness of fire will (‘xactly balance, as it were, tlie air that comes through, 
so that the combustion may ho perfect, and yet tliere may ho no free air. Ihit in 
ordinary hand-firing, done at intervals of a quarto of an liour, it is obvious that the 
thickness of the lire at the end of such an interval must bo very dilferont from that 
which it was at the beginning of it, and thus if that thickness be right in relation to 
the draught at one time it must be wrong at another. At one time, immediately 
after firing, tlu're may be a distillation of the coal, producing black smoko 
and carbonic oxide; this will go on till the tire burns thin and burns into link's, 
when tliere will be a passage of fre(( air. I do not wisli to b('. understood that 
I am advocating the attendance of skilled iirc'inen to tire forty-five times in an 
hour. Coal must he far dearer than it iiow' is to make it pay so to occupy a man, 
or rather watches of nnui ; for no one man could submit to such continuous labour 
for more than from four to five hours. But my observations tend to call your attention 
to the subject of mechanical liring. 1 believe that the high evaporative diiti(‘a tliat 
have been obtained by the use of liquid fuel, duties approaching very closely 
indeed to the theoretical power of that fuel, are largidy duo to tlie fact that the 
air and liquid can be iniected in definite and regular proportions, in.'^uriiig perfect 
combustion. 

Again, in the use of powdered fuel by IVrr. Crampton, where tho powder is lilown 
into the furnace by the very air which is there to enter into roniLu.^tion with it, 
very high evaporative results have been reached even under the disadvantageous 
circumstances attendant upon early experiments ; and this also I h(di(ive to he due 
to the power of accurately adjusting the quantity of air to the fuel to be burnt. 

The same power of adjustnumt may be obtained in those instances wln iv) the 
fuel is previously converted into gas, as practised hy Mr. Siemens ; and lu'arly 
similar control can be got with ordinary fuel by reverting to some of those systems 
of mechanical fire-feeding which were in use from twenty-five to thirty years ago, 
hut which have been to a great extent abandoned in consequence of tlie nioio 
general adoption of internal fires and high-pressure boikirs. Tho fires of sucli 
boilers are in furnaces of small diameters, which do not admit of ihe introduction of 
tlie apparatus, for wdiich room was readily found below the bottoms of the waggon- 
shaped boilers foimerly used for low-pressure steam. Other modes of fire-feeding, 
however, have been devised, and Lave come, to a certain extent, into use. It is 
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not tlio object of this address to enter into the details of snob matters as these. I 
will therefore content myself by sayin^ 1 am peideclly certain ilu're is bordly any 
subject more worthy the attention of the eiif^ineer than the replacing* the stoker by 
some mechanical arraii^^ement which shall ailbrd absolute uniformity of firinjj, and 
therefore absolute uniformity of the conditions of the tire ; and this is a subject 
not only worthy of attention on account of the saving of coal, but also on the 
ground of putting an end to a most laborious, exhausting, and, it is to be feared, 
imbealtby occupation — viz. that of the steamboat fireman, more particularly when 
he is worldng in a hot climate. If ])(Tfect combustion w(*r(^ obtained in the tire, I 
do not think there would be much iliiliciiltv in properly utilizing by the boiler the 
Inuit (‘volved. All tliat is necessary to .attain tliis mid is to give a suilicient amount 
of surface to absorb tlie heat and to transmit it to the watc'r, aiwa) s bearing in 
mind that, above all, tlu^ form of tlu^ boiler should be a safe one, that there sliould 
he proper watiT-spaeo within it and an aderpiale water-surface from whicii the 
stc'am could escape, that it might do so with tranquillity, and so as not to give rise 
to Iho spray tocliiiically known as ‘^priming,” and that all parts of the boiler 
should ho accessible for eleaiiing. 

1 am aware there is a temptation, on the score of saving expense and of saving 
room, to make the boiler of small size in relation to the amount of coals burnt under 
it and to the quantity of steam required from it ; but this is a most extravagant 
economy, — it is a saving in the outset, but it is a perpetual source of loss in the 
working. Temperatures as bigli as 800 and evcui 1000 degrees of heat liavelieen 
known to exist among the products of combustion escaping from the boiler. Now 
when it is recollected that every 100 degrees of heat in the outgoing products of 
combustion represents 2 ] per cent, of the whole heating-power of the coal, even if 
only the minimum amount of air to ensure perfect combustion is admitted, it will 
1)0 s('(m how necessary it is that there should be sulheient surface in the boiler to 
absoib the heat of the gases, and to bring them down to a few degrees above the 
temperature of the water in the boiler itself. 1 have mentioiK'd the temptation to 
list} iHulers of inadequate size on the score of expense and on the score of room. It 
is this latter reason, no doubt, which induces shipowners to endeavour to diminish 
the size of their boilers as far as practicable, because tliey argue that the space 
occupied by the boilers and machinery is all waste room, as it cannot })e idled 
( itlier with coals or with cargo. AVitb short -voyage steamers, voyages of a few 
liours only, ibis argument niav be a valid one ; but for the long-voyage vessels to 
India and elsewlu'ro, where fuel has to be enrritui for from twenty to thirty davs^ 
steaming, and where on the homeward voynge the sliips have to be supplied with 
coal that has been brought from Kurland by sailing-vessel at a large cost for 
fr(‘igbt, the true space deducted from the cargo and passenger-carrying power of 
the steamship is clearly not that occupied by the engines and boilers alone, but 
that occupi(‘d by the engines, tlie boiler, and the coal fur those boilers. Even sup- 
])osingthat if, after enlarging the boilers to diminisli liie consumption, the space to 
b(' pi veil up to the engine, boilers, and coal were still the same, in consequence of 
th(‘ increase in the size of tlie boilers being equivalent to tlie coal-solace saved, 
manifestly it would be to tlie advantage of the shipowner that that space should 
be. oocuoifed by the boilers rather than by the coals. 

Tlio expense of the boilers is a hrst outlay, and has not to be repeated for years 
until the boilers wear out ; but the ex]iense of coal is an outlay that has to bo 
nindt} at every voynge, and therefore it is a sliort-sigbtcd policy to restrict tlio 
amount of absorbing surface in a boiler on the plea that a boiler with full surface 
lakes up a greater space in the ship, if by doing away with such restriction a 
saving can he efleoted in the fiud, 

Tlio henoricial results wliich arc attained by tlie greater size of boiler in relation 
to the coal burnt and to the horse-power required can bo shown not only by cal- 
culation, but by example. In Her Majesty’s ship * Briton,’ lilted with extremely ecc- 
nomic compound engines of Mr. E. A. Cowper's design, close upon two pounds per 
horse-power per hour wero burnt when the ship was making thirteen knots ; but 
on being woi^ed at ton Imots the consumption fell to lb. of coal for the lesser 
hoi’so-power ibeii used. 

I will now say a few words upon the engines. 
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The locomotive engine has for many years past being doing very fair duty. This 
has arisen, I believe, iirst, from the fact that since the introduction of coal the 
furnaces have been to a considerable extent gas-furnaces with a free admission of 
air through open fire-doors to the surface of the fuel. 

Second, from the fact that the boilers have largo absorbing surfaces. From 
these causes as much as 0 or 10 lbs. of cold water are commonly evaporated per lb. 
of coal, while the engines working with high steam and considerable expansion 
make a good use of that steam. 

In Marine Engineering there has within the last ten years boon an enormous 
improvement. The old-fashioned engine working at 20 lbs. steam, and with injec- 
tion-condensers, is being abandoned for engines generally on the compound-cylinder 
principle, working at 00 and 70 lbs. steam [higlily expansive, and fitted with sur- 
face-condensers. The result is a reduction of the consumption of fuel in the same 
vessels on the same voyages, and performed in tlio same time, of from 40 to 60 per 
cent, of that which was previously burnt ; but I believe that a large field for im- 
provement in marine engines still remains, especially in the firing and in the size 
of the boiler. 

Among the best instances of what can be done in tlie way of economy may bo 
mentioned the rapidly increasing class of portahb3 agricultural engines. 

These engines, like the locomotive, are, from their migratory condition, incapable 
of being fitted with condensers, and tlms must bo worked as non -condensing 
engines, exhausting their waste steam into the air— a most serious disadvantage. 
Nevertheless such great advances have been made by the unremitting attention of 
the extremely skilful mechanical engineers who construct these engines, that at the 
late Cardiff Meeting of the lloynl Agricultural Society of Jkiglaiul one of tlio 
engines (the prize engine, that of M<'ssrs. Clayton and Shuttle wortli) ran for five 
hours and one minute with 14 lbs. of coal per horse-power, boiiig tln'roforo a little 
under 2 lbs. of coal per horse-power per hour; and this was llio horse-power 
of the dynamometer break, and not the mere indicated horse-power by which 
marine engines and other engines arc ordinarily judged. Tlio indicated liorse- 
power is, of course, in excess of that developed upon tho break, ns the indicatc'd 
power includes all the engine-friction and break-friction ; and if tins latter liorso- 
power bo taken as a standard, the best of t]n‘ engim's tried ])y tlie iloyal Agricul- 
tural Society this ^’ear at CardilF will ofler favourable comparison with even very 
good condensing-engiiies, and will bo found to give a duty far beyond that which 
ten years ago would have been thought obtainable in any but the very best. 

It may be mentioned that the Cornish pumping-engines, which ustalto bo looked 
upon as the most economic of all engines, are, according to the June monthly 
report, doing only an average duty of millions of lbs. lilli'd 1 foot liigli for 
1 cwt. of coals, and that the very best of them is doing only luillions of Ib.s., 
while the break horse-power dev(4oped by Messrs. Clayton ^ Slnittlowortli’s 
engine, at Cardiff, gave a duty of 70 ,-^ millions of lbs. This largf3 duty was cUi(3 
to the great ability in the management of the tire (as lias already been hinted at) 
and to the proper proportion of the boiler in obtaining the steam, and to its thorough 
cleaning in pi'eserving it in the first instance, and then to the ellieicnt utilization 
of that steam by high expansion in a cylinder steam-jacketed around its circum- 
ference and at the ends. Ihit at the very same show there competed for the prize 
an engine which, to the eye of the uiiinstructed (the ordinarypurchasorfor example), 
was as likely an engine as the prize engine; and yet tliis engin(3 burnt 10 lbs. of 
coal per horse-power per hour, or nearly four times that which was burnt by the prize 
engine ; and, moreover, it must be remembered tliat this wasteful engine wjis one 
which the maker thought worthy to be sent to trial. How many are there, there- 
fore, among those which makers do not think worthy to be sent to trial, which 
must deal as wastefully or more wastefully with coal, and are, for the sake of a 
few pounds in the first cost, bought by ignorant purchasers, who go on committing 
the sin of wasting coals with such engines until they are worn out, the loss 
becoming greater with the age of the engine. 

It may be said that hitherto my observations upon consumption in steam- 
engines have contained quite as much of praise ns of blame, and I am glad to say 
that it has been so ; but it will be found that these praises have referred to the 
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englnfta of railways, wliicli aro under tlio especial charge of educated mechanical 
engineers, who carefully watch and tabulate all their results, and who have funds 
at their disposal for the purchase and maintenance of good engines — that they 
referred to the recent improvement in marine engines, which engines, being as a 
whole in the hands either of powerful companies or of large capitalists, enjoy the 
advantages of due outlay and of proper superintendence — and that they referred to 
the prize engines and to the better competitive engines of the portable class, while 
admitting tlie existence of a large number of sucli engines which were most wasteful 
of fuel. 13ut there remains the groat class of fixed engines used for driving manu- 
factories, which engines are, as a rule, of the most disgraceful and scandalous 
character. In the first place, enormous nmnbers of tlnmi arc non-condensing 
engines : as an (.‘xciiso for tliis it is in man^^ instances all(‘ged that water is scarce 
and that there is not, therefore, the means of providing condensation, 'fo meet 
such excuses it hoiild lie remembered there are appliances well known to scientific 
engineers (at all events that have been in use fur many years) by which conden- 
sation can bo effected with no more water than is required for the feed of a high- 
pressure engine, i allude to the ordinary cooling ponds for inject inn-water, and 
to the surface-evaporation condenser. In every instance thtjse may bo employed ; 
and thus, in lieu of sending steam into the iitm<»sphere at a pound or two above 
atmospheric pressure, that steam might be condensed, and a pressure of 12 or 
l.‘j lbs. additional throughout the whole stroke of the piston might he obtained; 
moreover the interior of the boiler would bo ke])t clean, and thus it:i surface would 


bo in the best state for transmitting heat. 

I3ut passing by this question of tlie repugnance to the use of condensing engines, 
and admitting, for the sake of argument, that non-condensing engines may be 
allowed, what does one ordinarily lind as a type of the non-condensing engine ? 
One finds the cylinder with a mihic capacity far loo great for the work required j 
where steam is used throughout the stroke, one finds that this capacity is not 
utilized as it might be by the employment of high-pro.«8ure steam and considerable 
expansion, and that while the steam, (‘ven in the boiler, is pi^bably at only 40 lbs. 
above atmosphere, the governor is flying out nearly to the lull width, the throttle- 
valve is all but clo.scd, and there is a continuous wire drawing " of the steam, so 
that its average pressure throughout the stroke of the cylinder is only some 15^ or 
20 lbs. above atiuospliere. Now when one recollects that it requires one portion 
of coal to get steam up to atmosplioric pressure, and tliat this portion may be 
looked upon as practically constant, whatever pressure of steam above atmos 2 )her 0 
may afterwards be attained, and that if, tlnn-efore, steam at Jo lbs. above atmosphere 
be used, half of all tlic fuel is lost, while if at 2,0 lbs. above atmosphere, J only is 
lost, and if at 120 lbs. above atmosphere, only will be lost in getting up steam to 
atmospheric pressure, oiu' can niiderstaiul Ik^w O'^^eiitial it is that in noii-condeiising 
enc-ines the steam sliould he irscd at a really high pressure ; and yet, as I have said, 
I believe that if the large number of 10- or 20-hor.so^ liorizontal non-coiidensmg 
en^diies employed by manufacturers throughout the kingdom weic examined, and 
indicator iliagrams \vcre taken, it would be found that their pressure unon the 
pistons did not average much more tlian 20 lbs. above alinospliere : audit is a 
lamentable fact that many makers of steam-engines— men who cannot be ^woperly 
called engineers; men who arc mere manufacturers, not knowing the principles of 
the art Ih'oy follow-— will boast that their engine is doing very well ; it drives tho 
whole of Mr. So-and-so’s wairk and does not require more than 20 lbs. steam in the 


evlinder being properly steam-jacketea, iiiey woiuu ooui ii a .slih . 

have now laid before you .‘^omc of the points in winch the boilers and engines 
of tho iwesent day arc below the standard to which engineering science has already 
rcacdied, and in which, therefore, there is known opportunity fur iiumediato 


^^^Ftb^Xthere is so little reliable information as to the total liorse-power at work 
iba Viiited Kingdom (as is evidenced by the fact that very recently tho nvmiber 
of boilers has been estimated before a rarliamentary (Committee as low as 50,000, 
1872. 
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and as liigh as double and eren close upon quadruple that number), that I feel^ it 
would be an unwarrantable waste of the tunc of the Hection if I were to invite 
them to follow me into calculations, or rather speculations, as to the exact 
saring that would be made in the consumption of coal consequent upon imnroving 
the whole of our steam-engines up to the present highest standard. It will, how- 
eycr, bo quite sufheient, to show the importance of the qiK'stion, for me to say 
(and I am sure I should bo perfectly safe in saying) that such saving would have 
to bo estimated by millions of tons. 

Such a saving, as I have said, is one that might be made witli our present know- 
ledge ; but when we recollect that an engine burning even as little as 2 lbs. of coal 
per indicated bor-se-power per hour is still devolonitig only one tenth of all the 
power which, according to calculation, resides in iliat coal, there is manifestly a 
vast scope for our mechanical engineers in the exercise of their talents for producing 
further economy. 

But let not users of coal remain indiflVrent to savings on their present consuni]>- 
tion until those improvements are discovered by scientific men j on the conlrar}^ 
let them forthwith do every thing in their power to reduce the consmnplion 
to the extent to which present science and, in some instances, present practice 
show the consumption can be rcdiic('d. One is apt, at first sight, to marvel that 
owners of steam-engines should be so blind to tbeir own interest, and should permit 
waste to go on day after day and year after year — a waste not only prejudicial to 
the community at large and to succeeding generations, but a waste causing constant 
expense to those who commit it, and a waste, therefore, that one would tliink such 
persons would only he too ready to stop ; but the fact is, there arc several reasons 
why manufacturers and others permit the waste to go on. 

In prosperous times those engaged in manufactures are too busy earning and 
saving money to attend to a reorganization of their plant ; in bad times they are 
too dispiiited and too little inclined to spend the money that in better times they 
have saved in replacing old and wasteful appliances by new and economical ones ; 
and one feels that there is a very considerable amount of seeming justification for 
their conduct in both insfanct's, and that it requires a really comprolnmsive and 
large intelligence and a belief in the future, possessed by only a few out of the bulk 
of mankind, to cause the manufacturer to pursue that wliich would be the true 
policy as well for his own interests as for those of the community. But there 
IS a further and a perpetual bugbear in the way of such improvements, and that 
bugbear is the so-called practical man and he was in my mind when, in pre- 
vious parts of this address, 1 have hinted at the existence of an obstacle to the 
adoption of improvement. 

1 do not wish the Section for one moment to suppo.9e tliat I, brought up as an 
apprentice in a workshop, and who all my life have practised my profession, intend 
to say one word against the truly practical man. On the contrary, he is the man 
of all others that I adnjire, and by whom I would wish persons to be guided — because 
the truly practical man is one who knows the reason of that which he practises, 
who can give an account of the faifii that is in him, and who. while he possesses 
the readiness of mind and the dexterity which aii.se from the long-coiitiuiied and 
daily intercourse with the subject of nis profession, possesse s also that necessary 
amount of theoretical and scientific knowledge which jiislitics him in pursuing any 
process he adopts, which in many cases enables liim to devise new processes, or 
which, at all events, if he be not of an inventive quality of mind, will enable him 
to appreciate and value the new processes devised by others. This is the Inily 
practical man, about whom I have nothing to say except that which is most lauda- 
tory ; but the practical man as commonly understood moans a man who knows 
the practice of his trade and knows nothing else eoneerning it — the man whoso 
wisdom consists in standing by seeing, but not investigating, ilie now discoveries 
which are taking place around him, in decrying those discoveries, in applying to 
those who invent improvements, even the very greatest, the epithet of '^«^ehemers,’^ 
and then, when he tindsthat, beyond all dispilte, some new mailer is good and ha^ 
come into general practice, taking to it grumblingly, but still taking to it, because 
if he did not he could not compete with his co-manufacturers, the aim and object 
of such a man being to ensure that he should never make a mistake by embarking 
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his capital or his lime in that which has not been proyed by men of large hearts 
and large intelligence. 

It is such a practical man as this wlio delays all improyement. For years ho 
deliiyed the development in England of the utilization of the waste gases of blast- 
furnaces ; and he has done so so successfully that, as 1 have already had occasion to 
rtmiark, that utilization is by no means universal in this kingdom. It was such 
ni('ii as these who kept back surface-condeiisatioii for twenty years. 

ft is such a man as this who, when semaphores were invented, would have said, 
Ihui’t suggest such a mode to me of trausniitting messages: I am a praclical man, 
Sir ; and I believe that llio way to transmit a message is to write it on paper, deliver 
it to a messenger, and put him on horseback.’’ 

In the next generation his successor would he. a believer in semaphores • and when 
the electrical teleprnpliist came to him and said, j)u you know that 1 cUn traemiit 
movement by invisible (‘lectrical power through a wire however long ^ and it seems 
to me that, if one were to make a code out of these movements, I could speak to you 
at I’ortsmoiith at one end of the wire while I 'was in Jjondon at the other,” what 
would have been the answer of the practical man ? Sir, 1 don’t believe in trans- 
mitting messages by an invisible agency; I am a practical man, and I beliete iu 
semaphores, which I can see working.” 

In ]ik«‘ manner, when the Siemens’s Iiegcnerative Gas-Furnacc was introduced, 
what said the practical man ? “Turn your coals into gas, and hum the gas, and 
then tfdk <>f regeneration ! I don’t know what you mean hy regeneration, except in 
a spiritual sense ; I am a practical man, and if I want heat out of coals I put coals 
on to a fire and burn them:” and for fifteen years the practical man has ueen the 
bar to this most valuabUi improvement in metallurgical operations. 

The practical man is beginning slowly to yield with n^spt'ct to these furnaces, 
because he tinds, as 1 have already said, that men of greater intelligence have now 
in siilliciently largo numbers adopted the invention to make a fomiidable competi- 
tion with the persons who stolidly refuse to be improved. 

The same practical man for years stood in the way of the development of Bes- 
semer stool. Now’ ho has been compollod to become a convert. 

1 will not w'oaiy y(Ui by citing more instances ; but one knows, and one’s expe- 
rience teaches him, that lliis is the conduct of the so-called praclical man ; and this 
condtud arises not only from the cause wdiich I have given (his ignorance of the 
principles), but also from another (‘nuso (one which I have had occasion to allude 
to when spealnng upon a dilVereni subject), and that is, you offend his pride when 
you come to him and say, “ Adopt sueli a plan ; it is an iniprovcnieiit on the pi*ocess 
you carry on.” His instinct rcAolts at the notion that you — a stranger, very likely 
bis junior, and very probably, if the improvement be an original and radical one, a 
pei’son not even connected with the trade to which that improvement relates — 
should dare to tell him that you can inform him of something connected with his 
business that he did not know'. 

It may be said that employers and the beads of manufactories are, ns a rule, in 
these days, educated gentlenum, and that, therefore, it is wrong to impute to them 
the nanowunindodness of the practical man. 1 agree that in numerous instances 
this would ho wrong ; hut the metis, that in many cases (I think I may say inmost 
cases) the head of the establishment, the monied man, the man wdio by his com- 
mevcinl ability (that most necessary element in all establishments) keeps the con- 
cern going by finding lucrative onlers, is not intimately acquainted wdth the practice 
of the business carried on by bis tirm : be relies upon some manager or foreman, 
W'ho too Commonly is not the real but the so-called practical man. It is stub men 
ns those w ho simply practice that w hich they have seen, without knowing why they 
practice it ; to them the title of practical man has most improperly been attributed j 
and it is on the advice of such men that flic true heads of the firm too commonly 
regulate their conduct os to the management of their business, and as to the neces- 
sary change's to be made in the way of improvement. 

As I have said, the practical man derides those Avho bring forward new hiven- 
iiims and calls them schemers. No doubt wdiatever, they do scheme ; and Well it iS 
for the country that there are men who do so. It also may be true that the ma- 
jority of schemes prove abortive ; but it must be recollected that the whole pto- 
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gross of art and manufacture has depended, and will depend, upon successful dis- 
coveries which in their inception were, and will ho schemes, just as much ns were 
those discoveries tliat have been, and^ will be, unfruitful ; but the successful dis- 
coveries, because they are successful, are taken out of the category of schomos 
when years of untiring application on the part of the inventors have, so to speak, ^ 
thrust them down the throat of the unwilling practical man. Take the instaiuje of 
Mr. Bessemer, who was beset for years by diirKuilties of detail in his groat 
scheme of improvement in the manutacture of steel. As long as h(3 was so beset, 
the practical men cliorused, ho is a schemer j he is one of the schemers j it is a 
scheme.” 

Supposing that these practiealdifricultios had beaten INlr. Bessemer, and that they 
had not been overcome to this day, the practical man would have derided him still 
as a schemer, although the theory and groundwork of his invention would have been 
as true under these circumstances as it now is. Fortunately for the world, and 
happily for him, he was able to overcome these most vexatious hindrances, and 
make his invention that which it is. No one now dar(is to apply the term schemer” 
to Mr. Bessemer, or scheme” to his invention ; but it is as true now that he is a 

schemer,” and his invention a “ scheme,” as it would have been had he failed up to 
the present to conquer the minor dilHculties. It is a spe(‘ios of profanation to sug- 
gest, but I must suggest it, for it is true, that Watt, Stephenson, Faraday, and 
almost every other name among tlie honoured dead to whos(‘. invemtive genius we 
owe the development that has taken place within the last centuiy in all the luxuries, 
the comforts, even the bare necessities, of our daily existence, woiihl in their day, 
and while struggling for success, have been spoken of as schemers, even in respe,ct 
of those very inventions of which we are now enjoying th(' fruits. But I feel I lU'od 
not labour this point further at a ^Meeting of the 31(‘chanicul Section of the British 
A830ciati(m, — an Association established for the^ Advancement of Science. 

I know 1 shall he accused of decrying the practical man, and of upholding the 

schemers.” I say most emphatically that I do not decry tlie practical man. I 
plead guilty to the charge of decrying the miscalled practical niiin, and 1 glory in 
my guilt, while £ readily accept that which I consider tli(3 praise of upholding 
“schemers;” and I do so for this simple reason, that if there w('re no schemers 
there would be no improvement. 

I think it becomes a scientific body like the British Association to laud the 
generous efforts of the unsuccessful inventor, ratlnu* than to encourage the cold sel- 
Sahness of the man who stands by and secs otluirs endeavour to raise th (3 structure 
of improvement without lending a hand to lu^lp, and even sneers at the buihlers, 
but when the structure is fully raised and solidly ostablislu^d, claims to come in to 
inhabit^ and, being in, probably e.ssays, cuckoo-like, to oust the builders and to take 
possession for liis own benefit. 

One word in conclusion. Can we not devise some means by which cousnmers of 
coal may be instructed in, shamed into, or tempted to the economical use of that 
most valuable material ? 

The Royal Agricultural Society of England, liy its judicious ( fFcTls for many 
years past, by the institution of trials and the giving of 'priz(‘s ha tlie best engines, 
has brought the consumption of coal down from 10 lbs. per hoive-power to a little 
over one quarter of that quantity. 

Could WG not institute a society which should devote itself to the recording 
and the rewarding of the performances of steamboats, and of iixed engines for land- 
purposos f 

1 am aware it is supposed there is a difliculty in these eases which docs not ob- 
tain in the case of portable engines that can ho brought for trial upon a dMiamo- 
meter, and that is that the power exerted by marine engines varies during the 
voyage, and is not that which is developed at the measured mile; while in a manu- 
factory it varies according to the conditions of the trade, and to the extent to which 
the British workman condescends to attend to his work. 

But there are implements wliieh record the horse-power exerted from moment 
to moment, and register it on indices as readable as those of an ordinary counter of 
an engine, or as those of a gas-meter. 

I believe that one of the very greatest incentives to economical working which 
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the owners of steamboats could offer to their engiue-huilders and engmeers would 
he the application of such implements as these. Were they employed, the ship- 
owner would know at tln^ end of the voyage so much horse-power had been exerted 
as a whole, that so much coal had heon hunied, and that the result, therefore, was 
a consumption of so many pounds per horse-power per hour. All the ellects of head- 
winds in retardation, and all the aid of cau^as to the engine -powder, would be elimi- 
nated from the calculation. 'J'Ih* continual indicator would register truly the work 
the engine had to do, wdiethor that ^YO^k was made excessive by contending with 
head-winds, or w .as rendered light hy fa\ourable breezes and tin* assistance of canvas. 
In lh(‘ same way the propiielor of tlie engine for maim lad iiring-pnrposes, the cotton- 
mill, the woolh'n-mill, the corn-mill, and even the highly irregularly w^orking rolling- 
mills and saw'-niills, would he able at tlie end of the quarter to s.ny — ‘‘Notwith- 
standing nil th(i variations of my trade and rate «>f manufacture, 1 know that my 
engiiK'S )ui\o exerted so niiieli power; J know^tliat 1 have burned so much coal, and 
tliat, therc'fore, such and sueli luuelieen the economic ri'siilts.” Assuming that 
steamhoul proprietors and tlu' ow ikm's of tixed land-engines w'oiild go to the expense 
of apphing such continuous recoKling iiiiplements as these to their engines, and 
W’ould become members of an assoeiation for the ]>iirpose of '\i^iling and inspecting 
and of reporting upon tlieir nuu-liinery, and of giving ])rizes to the men in charge 
for careful attention, prize.> to the manufactnrer.s for original good design and worlt- 
mansliip of tlie eiigiu<‘s, iiiid jirizcs to tin* proprietor for theirpublic spirit in having 
bought that w hich Ava.-' good iustejid of that w hich Avas had niul cheap, and fo • 
luiAing cmploAed intcllignit and careful Avorknum instead of igiua’ant and careless 
ones, J heliev(‘, Avithiii a fcAv a ears, as great an iiuprovemeiit might be seen among 
the marine and luaiiiifaetuiing ela.>s of t‘ngincs as has been elfectt'd by the laudable 
exertions of the IJoauI Agricultural Society of Kuglaud among the portable ones. 

I think the initiation of some such society as this AA^ould be a practically useful 
result from the meeting of Sedion “ (i.'’ 

It noAV only nunaiiis for mo to thunk you most vsincorely for the patience wdth 
Avhicli you luivo listened to an addri'ss tliat, as regards length, has exceeded the 
bounds Avithin Avhieh most preAious Presidents have cojifined themselves. My 
excuse is, tliat tlu* subject of economy in the use of coal is in itself so highly ini- 
portant to cAcry niomlier of the community that 1 felt it Avarranled me in detaining 
you for a fow’^ iiiiniites longer than tho usual time. 


lidintl and Econornival Transport of MorJiandtse, By C. Bergeron. 

Tho author proposes to pack the materials for transport in iron splu'res of 4 feet 
to or 7 feet diameter, and to pvoA ide a concave roadAvay of sheet-steel resting on 
sleepers, or, Avhore necessary for crossing A'allevs, suspended from pillais or piers, 
on the principle of the suspension-bridge, duAvn Avhieh these loaded spheres may 
roll by their own gruAity, the empty spheres being brought buck in tubes, on 
the principle of tho pneuinatic despatch. 


On a jSlodijicatlon o f the Earth- Close t. By D. T. Bostfl, 


On Aih'lal Navlyation, By C. A. Bowuler. 

Tho author ihouglit the autumn mananiyres wumld ho an excellent opportunity 
for trying experiments, and that aerostation w ould become an important element in 
military science. Hitherto captiA'o balloons only Lad been used ; but it w^as by no 
means improbable that circumstances would occur where it Avould be most desirable 
to pass OA cr the enemy’s position, and it Avould then ho important to have the 
power of deJlccting the balloon from the wind course, either to the right or to the 
left as required. Captive balloons could not be used in safety in high wduds, on 
account of violent rocking of the car. The ’\vriter then proceeded to revicAv the 
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priuciples of aerostation, and to show that aerial navij^atiou was practicable only to 
a certain limit by simple mechanical means. Of the practicability of applying 
steam-power he had no hope, the weight of a steam-engine made as light as 
possible, consistent with due strength, being much too great for any gas balloon to 
support. The power he proposed was manual, being, he believed, the only power 
applicable to gas balloons. But propulsion Laving been secured, the question 
arose how the power of direction could bo acquired, that being of the utmost 
importance in actual warfiirn. That was accomplished by rotating the balloon to 
any x'equired position, and then, bolding it from further motion, the rotation was 
completely under the control of the aeronaut. A rudder was the insiruiiient to be 
used for that purpose, a vertical disk hxed in a lino with the axis of the propelhu’. 
By turning the plane of the disk, the current of air forced from the fan on the 
rudder caused the whole machine to rotate right or left, precisely as the rudder of 
a ship guided the vessel. 

Oil a Modification of the Earth- Closet, Bij I). C uiteh. 


ProfjrCiS of the Throw fh Hall waif to India, 

By Hyde Ciarkr, (7. A'., Oorr, Mem. of the Vienna Tn^titiitlon of Engineers. 

The progress of the railways in Turkey is of interest in connexion with the through 
railway to India. On this side the railway to India has long since reached Basiash 
Quthe Danube and halted there ; but at length tlio Tiirki'^h Government had takem 
measures for its extension. The main line will be from Hungary through Servia to 
Filibeh (Philipopoli), and Edreneh (Adrianoplc) to Constantinople. 

On account or political didicultios raised by the Servian administration, the 
works have been carried on at other points; hut the Servian junction having been 
arranged operations will be begun there. The works now in progress are from 
Filibeh to Constantinople, with branches from Uskiip to Salonika and the 
Mediterranean, and from Edreneh to Dedoh Aghaj on the same sea. Tlio portions 
open or ready for opening are : — 

Edreneh to Jlarmanli 40 miles. 

Coiistaiitinoplo to Chokmejeli, $co .‘iO „ 

Sjilonika braiicli 05 ,, 

Edreneh branch 1)0 „ 

The Constantinople tormiim.s is ready. 

Only 25 miles will at the end of the year remain imcomploted between (-onslaii- 
tinople and I'klreneli. 

A connexion is proposed between Edronch and tlio Varna and lUiscluik railway, 
which has a circuitous connexion with tlio Austro-Hungarian and Kussian railways. 

The Salonika branch is proposed as a steam-boat station for Smyrna, Skaiiderveii, 
and the Euphrates valley and Alexandria- 

No measures are taken for passing ike Bosphorus at Constantinople except by 
steam-boat. 

In the Asiatic suburb of Constantinople, at Skutari, tlio Asia IMinor soetion of 
the through railway to India has been begun and coiitimied to Ismid. The 
continuation from Ismid to Angora, 400 miles, lias just lieeii granted to Mr. 
Pressel, Chief Engineer of the Ruumelian raihvay.s, and will bo pusliedwith vigour. 


On the Drainage of S ho reham. By J, P, Cuiniio^f. 


The Sewage Difficulty. By T. Curley, F.O.S, 


On Breach-Loading Firearms, By C. F. Dknnlt. 
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On certain Economical Improvements in the Construction of Locomotive 
Enrfmes^hy the addition of Mechanical Appliances for the use of Heated Air 
in combination ivith Steam^ on the principle invented by Georye Warsop, By 
lliciiARD Eaton. 

This paper is supplementary to those read by the same author at Exeter and 
Liverpool, and f^ives the details of ahly conducted and exhaustivo ex]^)eriinent 3 
made on a locomotive, the property of the Lancashire and Yorkshire" llailway 
Company, in regular work, mainly as a ^oods enji iiie, but occasionally doing pas- 
senger-train duty in the Liverpool district. The use of the heated-air injection 
was tound to detach old scale, of considerable thickness, from the ])oiler in all 
parts, and to prevcnit the formation of new, thus diminishing the item of cost of 
maintenance,’^ and prolonging tlie life of boilers, tubes, anil tire-boxes. A great 
economy of fuel was also demonstrated, a\eraging frequently TiO p(*r cent. The 
air-system was tound to work in liarmony with tliii injectors, and of groat 
service at critical moments, such as when an engine, cauglit in a snow-storm, with 
a heavy load to draw up an incline, requires every aid to its motive power that 
mechanical science can give. Less coal being consumed, the atmosphere in tunnels 
will be purer. ^ 


On flavine Propulsion^. By W. 11. Ecjcaht (late of U.S. Navy). 

This paper contained an account of the construction and machinery of a steam 
launch fitted with delicate dynamometric apparatus for testing its resistance at 
various speeds. It was coiistriicted at the nsavy Yard, Mare Island, California, 
and a very great number of careful experiments were made to determine the 
resistance both of the boat and of tbe engines. The paper was illustrated hy 
tables and engravings. 


On the Steering of Ships, in special relation to a new form of Rudder, 
By W. FLEMiNCf. 


Description of the Neiu Branch Canal leading from the Canal Cavoiir for Irri- 
gating the Province of Lomelllna. By T. Lf. Eostfr, Jun. 

The autbor, who had had the direction of the works, described them in consider- 
able /cc//^nVu/ detail, pointing out their great imptirtancc to tlu^ productive resources 
of tli(i district, not only in an agnculUiral point of view, but as providing con- 
sidorablo water-power, available for nianiifacturing-pnrposes. 


Description of an Apparatus for anfomatically recording the Rolling of a 
Ship in a Siawayf. By W. Enornn, P.R.S, 

The fundamental principles on wliicli tho performance of tlie apparatus depends 
are : — (1) Tlnit when waves act on a ship or other floating body which would stand 

* Printed in full in the Transactions of the Institution of Naval Arcliitects for 1872, 
and in tho ‘Engineer’ Newspaper for 2.‘lrd August, 1872, vol. :sx\iv. p. 12o. 

t Idr. Froiulo in tlic discussion mentioned that, nlthough the apparatus lie had described 
was wholly his own invention, he had since found that a Fivnch naval architect had con- 
trived :m instrument substantially the same a ftuv ^ears ngi), having in the first instance 
inad(‘ the penduluni-appnratiis, and then added an apjiaratus for observing tho horizon 
Bvieh as ho had first described. IIo had been in correspondeaec wiili this gentleman, and it 
gave liim great pleasure to find that in an invention of which lie liad thought himself tho 
originator he had boon preceded by tw'o or three years by a very able man. It was, 
however, a satisfaction to him that hb was at tho present time ahead of his friendly com- 
petitor in tho race so far as regarded tho delicately hung heavy fly-wheel whicli was to 
furnish an automatic coustunt record of tho angles of absolute rolling, or deviations from 
tho horizontal, assumed at oacli moment by tho ship. 
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Btably upright in still water, slie is for the moment in equilibrium if upright or 
normal to tlie mean or ellectivo slope of the wave which she occupies ; and if she 
have a given righting force when inclined to a given angle in still water, she will 
be urged by approximately the same righting force towards the normal position in 
wave water if she at any moment deviate from it by the same inclination. (2) A 
plumb-line or pendulum, if its point of suspension be at or very near pie ship’s 
centre of gravity, will hang at rest if it occupy the normal position, and if it have 
a Tory short period of oscillation it will instantly assume tliat position throughout 
the clianges of the wave-slope. The apparatus in question might be tlius described. 
A revolving cylinder covered with paper and turned by rough clockwork received 
the marks made by several pens. One of these pens rc'cordcal time, jerks being 
given it at successive equal intervals by an exact clock. The apparatus lieiiig 
placed at the centre of gravity of the ship, a pendulum of very short period and 
considerable power, oscillating in the plane transversely with the keel, recorded 
continuously by a second pen the angles which the ship at eaclf moment made 
with the mean or cilective surface of the wave. Another pen actuated by a 
rocking-arm kept level by an observer on deck, wlio pointed it to the horizon, 
recorded the angle the ship made with the horizon ; and from the record tluis 
obtained the ainoimt of the roll of the ship with regard to the wave-slope was at 
once shown : the form of the wave, too, could he easily worked out graphically, the 
wave-slope at each moment being simply the ditiercnce between the records pro- 
duced by the pendulum-pen and tlie Iiorizon-pcn rc'spt etively. Jfut the graphic 
integration of the results supplied by the pendulum-pen, if correctly performed, 
s\ipplied what might he called the theoretical measure of the oscillations which 
the ship ought to have performed with regard to the horizon during the period 
embraced in the record ; for the pendulum record itself supplies throughout a 
measure of the accelerating force by which the ship's oscillation is governed ; so 
that the integiation of this gives a diagram representing the angular velocity whicli 
the ship should theoretically have acquired under the operation of tliat force ; 
and the integration of the velocity diagram in turn gi\es the sec^uonce or total of 
motions which the varying velocity involves. The performance of these integra- 
tions involves, indeed, a com'ct knowlcdg(3 of tlie ship’s dynamic constants ; hut 
these, so far as they are not already linown by calculation, may lie readily 
obtained by a single experinumt with the ship in still wat(‘r, where, if she ho 
artificially brought into oscillation (an operation easily performed), and the instru- 
ment be made to record the oscillations as tlioy subside under the influence of 
resistance, the natural period of her oscillation is at once known, and the coeflicient 
of resistance is dediicible in a shape which is approximately applicable to the ship’s 
seaway oscillation. All the conditions required for the integration are thus 
supplied. Several seiies of diagrams thus obtained by the oscillation of ships 
in a seaway had been thus integrated, and the theoretical oscillations accorded 
with the recorded oscillations, so that the fundamental elements of the theory of 
rolling had been most satisfactorily veiiflcd. An apparatus bad also been com- 
pleted consisting of a hca^y stationary wheel, which was so delicately supported ns 
to be incapable of receiving any rotation from the motion of a ship. This wheel, if 
placed transversely in tlie ship, would remain quite undisturbed while she rolled, 
and would thus supply the place of the horizontal bar above described, held 
lev(‘l by the observer on deck. The wheel was 3 ft. in diameter and 200 lb. in 
weight. Through the boss was carried out a strong steel axis, the prolonged ends 
of which were coated with hardened steel. The axis thus prolonged rested 
between two pairs of rocking-arms, the ends of each pairfoiming a kind of V* Tho 
ends of the aims were, in fact, liardened steel plates, forming segments of circles 
struck from the axes or centres on which the arms rocked, so that they were 
virtually portions of the circumferences of very large friction-rollers. In order still 
further to reduce the friction of the working parts, the axes of the rocking-nrms 
were finally reduced to hardened steel pins of small diameter, and so mounted that 
their motions when of small range should bo rolling not sliding motions, and great 
delicacy was thus obtained. The centre of gravity was brought to within O OOflo in, 
of the axis of suspension, and the time of a single swing was over thirly-flvo 
seconds : yet so great was the delicacy of the suspension, that a weight of 2 part 
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of that of the wheel itp(‘lf^ if placed at its extreme radius, woidd produce an 
oscillation of I} in. in ranj^e, and which would continue for many minutes; or if 
the wheel were moved 00 degrees from its position of rest, the oscillations would 
continiio for nearly twenty minutes, the movement being so slow and solemn ns to 
impress on the mind of an observer who hnd not seen it put in motion that the 
action was self-originated or induced by some m 3 ^sterioll 8 agency, The oscillation 
of a ship could not put such a wheel in motion; or rather, if an intiuitesimal 
motion were nroduced, this would ho of so long a period that its ellects would bo 
eawsily soparanlo from those proper to the oseillation of thi' ship. Thus the 
indications would he more exact tiian those produced by the rookiiig-nrm on deck. 
The apparatus last described on deck liad not yc+ heeu tried, and was awaiting a 
good rough day at riynioulh. 


The BrUjhton Inicrccpiinrj and Outfall Sewers. By John G. Gamule, B.A, 

Hitherto the sewage of Brighton has })cen partly received by cesspools, partly 
carried ]>y various outhills direct into tlu‘ sea. 1'lie ccssp<jols arc being gradually 
abolished; but although maarly all the present fuithdls noAv- di.^charge under the 
sea beyond low-wat(‘r mark, yet the nuisance to batlnu’s ami to people in boats is 
considerable. The intercepting S(‘W’er designed by Mr. Ilawkshaw', O.E., and at 
present in conrsii of con^ruction, will intercept all the existing outfalls, and "will 
carry the sewape away to the eastward four miles from the neamst point of 
Erighton, where it may cither he discharged into the sea or utilized. Float experi- 
ments undertaken oft* Portubcllo prove that no nuisance can possibly be caused to 
Brighton, 

The sewer is of circular section throughout, being of 5 feet internal diameter for 
nearly two miles, and 7 feet internal diameter for more than seven miles. The fall 
is 8 feet per mile. 

At some towns the sewers are required to act ns land-drains as well as sewage- 
carriers. This v<’rv objt*ctionnble plan is not neeessarv at Brighton, as the land 
Avatoi* sinks down into the chalk, and comes out on the sliore at low tide without 
troubling the basements of the houses. Tlie .«5ew(‘r lias, on the contrary, to be made 
especially wat(T-tight, so as to resist the percolation from the porous strata without 
ns well as any leakage from witliin. The storage capacity is such that if the w hole of 
twelve hours’ ftow were penned up in the sewer it ’would not reach wuthin a mile 
of the east end of Brighton, and any gases generated w^onld pass up ventilating- 
shafts more than a mile from the towm. A storm overflow" and a flushing inlet 
will be provided. The great difliculty in managing sewers is to keep them clear of 
tlie road-sweepings, wdiieh get past the gulleys, form a solid deposit in the sewer, 
and colloet other and move noxious materials upon them. In sew'ers of short 
length flii^jhing by water is the best method of getting rid of such deposit; but in 
the case of a sewer more than seven miles long the expense of flushingthe deposit 
forw^nrd and foixvard to the outfall, as avcII as the damage thereby done to the brick- 
lining, W'ould he so great that probably the greater part of the solid materials will liave 
to be removed by hand at the various entrances. To assist this, catch-tanks will be 
placed at all junctions, to stop as much as possible of the road-drift, flints, kc. tliat 
Avould otherwise get into the server. AVhevever possible rond-gulleys ought not 
to discharge into the sewers ; in tlie front of Brighton they might, "and some do, 
discharge on to the beach. No objection could he made to this if a good system 
of scavenging for home-droppings w^ere in operation. Yentilating-shafts are placed 
at intervals; they are covi'rcd by cast-iron grates made in two portions, one 
litting inside the other. This is important, as a man or hoy can remove the inner 
casting without disturbing the road metalling, lie can thus get into the catch- 
pit wdth which all these shafts are provided, and clear out any road-sweepings that 
may have fallen through the gTating. Charcoal baskets are not used, as it has 
been proved that they chock the current of air. Charcoal wull no doubt purify 
air that is forced through it, but it is only in w inter when tlie sewer air is warmer 
than the air without that any great current is created. Besides, the air inside 
being generally cooler and therefore heavier, sulphuretted hydrogen and carbonic 
acid gas, two of the sewer gases, are both heavier than air ; hence the only escape is 
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in consequence of the property gases have of diffusion. In order to create a draught, 
Archimedian screws worked by the wind above luive been tried, but ventilation is 
most required when the air is calm. Fans worked by the current of water below 
might bo used, but the worst sniolls are given off when the current is least. 
Burning the gases has been suggested ; but carburetted hydrogen, one of the sewer 
gases, is highly inflammable, and coal-gas has been found to escape from the gas- 
mains into the sowers. Explosions might result j and, in fact, an explosion did 
result from an experiment tried by Mr. li. Austin, C.K. The same argument may 
ho employed against the proposal to create a draught by jots of coal-gas in the 
shafts. 

The situation of the outfall is especially suited for sewage -irrigation, and tho sul)- 
stratum being chalk, subsoil drainage would not be required. 


The Bisfribiition of Pare Water to DweUlngs, 

By Alexander I^FCallem Gordon, of Liverj^)ool, 

This paper served to introduce a comparatively ntnv description of piping called 
Haines’s Lead-encased Block-tin Piping, and pointed out the advantages it offered 
over ordinary lead pipe as a medium for the conveyance of water throughout 
dwellings. 

This piping consists of two distinct tubes, an outer one of lead siirroundiug or 
encasing an inner one of pure tin, both being united at thtnr surfaces of contact as 
to form a perfectly homogeneous body, and thus otUving the admirable pbyeical 
qualities ot a load pipe together with absolute freedom from the danger of lead- 
poisoningby reason of tho innocuous uature of tlie tin composing the inner pipe. 

The lead-encased tin pipe was shown to be no more expensive than leaden pipe, 
as the extra strength gained by the superior tenacity of the tin, and certain condi- 
tions which operate in its manufiicture, allows of a diininution of the weight per 
lineal measurement for a given pressure. The piping hud already been adopted in 
many public institutions and private mansions throughont tin' Idngdom, and when 
better known is likely to take the place of tlie dangerously poisonous lead pipe 
now 60 uniyersally in use. 

On Boat-loiveriny A 2 '>paratns, By E. J. IIill, 


On Wire Tramways, By C. Hodgson, 

These consist of an endless wire rope travelling over horizontal drums, oik* at 
each extremity of the distance to bo traversed, supported and running over pullc} s 
iixed on posts or piers at intervals. The buckets for holding tin* minerals or otlier 
goods for transport arc suspended on the rope and travel Avilli it, in such a 
manner as readily to pass over the piilloAs and avoid contact 'w ith the posts. It 
appeiirs well adapted for the transport of goods, and especially minerals, in districts 
where roads or ordinary tramways arc not available. A working model of tin*, 
wire tramway was shown at the conclusion of the nu'c'ting to tho members of the 
Section, at Messrs, 0, Sc J. Heed’s foundry, Nortli Hoad, Brighton. 


Estimation of the Error in the Fllylit of TTeavy Projectiles due to the 
Woolwich System of 111 Jliny, By W. Hope, V,0, 


On the Measurement of Waves^, By C. W. Meriiteteld, FJi\S., Principal 
of the Royal School of Naval Architecture. 

The writer was induced to look into this matter in conseqiionco of a question 
put to him by Mr. Francis Galton as to whether it was possible to arrive at any 
* Printed in full in tho ‘ Engineer ’ newspaper for 23rd August, 1672, vol.xxxiv, p. 119. 
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definite estimate of the roughness of the sea/’ at present recorded for meteoro- 
logical puiyoses at a very coarse guess from mere inspection. lie considered 
it was desirable to confine the measurement to two points — ascertaining the 
aggregate height of the waves, and their number during measured intervals of 
time ; and he liad devised simple and compact machinery for this purpose, as well 
as for obtaiuing profiles of waves when desired. The machinery could consist of a 
float sliding up and down strained wires on a platform like Brighton or Scarborough 
piers. A line from this float could pass over a pulley, the motion of which, trans- 
mitted through a shaft, Avould give all the required measurements. The measure- 
ment of the aggregate h'hght of the waves would be eflecded by simply connecting 
a ratchet-wheel, pawled so as only to turn one way, with the float pulley. A pro- 
iectiiig stud oil the ratchet-wheel would record the aggregate height of the waves 
by means of any mechanical counting arrangement. In order to count the waves, 
it was simply necessary to record the number of limes the float pulley reversed its 
motion, This was eltected by a reciprocating frame connected with a ratchet- 
wheel by a pawl, which the wheel could reverse by lifting the reciprocating frame. 
The method of counting which he proposed was to make a pencil which, if undis- 
turbed, traced a straight lino on a long slip of paper, such as a Morse telegraph-coil, 
and recoiled a slight shake at stated numbers. Time would bo marked on the 
same paper by a clock giving a similar shake to another pencil at stated intervals of 
time. In this manner a permanent and continuous record of the ii umber of waves 
and aggregate height at all times would be automatically made. The machine 
might be perfectly boxed in, with no otlier communication with the external pulleys 
and float than a shaft passing through a stuffing-box. The recording machinery 
would thus bo secure frtuu injury. It wa‘)uld, luorcoviu’, require attention only once 
a day. The Avriter also described an arrangement by wnicli the same machine 
might be made to trace the profile of wawes Avlienever required ; but this addi- 
tional apparatus Avould require to be specially set at work when made, the waves of 
the sea being far too numerous for ii to be possible to take portraits of all of them. 
Mr. ^Mevrilield suggesttul that it would be very interesting to establish such an 
apparatus at Brighton Tier. 


On the relative Yalixe of Clarified and Unclarljled Sewage as a Manure, 

By William Paul, F,1LA,S, 

The author of this paper, after briefly pointing out the sources whence plants 
derive their food and tno conditions most favourable to the free use of this food, 
stated that all his experitmee, which Avas considerable, Avas in favour of the use of 
clarified” scAvage, to Avhich he attached great value. 

Now, highly important as is* the use of appropriate mamu'cs to aid in the 
development of onr groAving crops, as n cultivator, I attach more importance than 
is commonly attached to the physical conditions of the soil — especially to keeping 
the surface loose and the soil porous tliat tho Avater may got aAA ay, and that the 
air- and sun-heat may folloAv Avhere-ver the AAmter or clarified soAvage goes. The 
clarified soAvago is food placed AAdthiii ri'ach of the roots; tho presence of air 
rendtu’S this food more plentiful, and tin' sim-hoat stimulates tlie roots to feed. 
Tlio fertility of a soil is therefore largely influenced by the amount of air-heat 
Avhich it contains. 

‘‘ This brings me to tho principal objection which I have to urge against putting 
sewage on the land in an ‘ unclaritied^ or sludgy state. I am free to admit that 
tlio soAvago clarifies in its passage doAviiAN^ards, presenting to tho roots the same food 
as if the soAvage had been preAioiisly clarified. But the surface of the earth is 
thereby made to act as a filter, and the physical conditions of the soil are altered. 
Tho ‘ unclarilied ’ sewage in passing through tho soil has becoino clarified ; but the 
pores of the soil are more or less closed against tho passage of nir, and a solid or 
luilf-Iiquid glutinous mass rests on tho surface of tho earth, thro AAdiig back the suu- 
heatl T 1 10 lood IS there, but the stimulants of air- and suii-heat are shut out or 
greatly diminished, and the fertility of tho soil is impaired in a corresponding 
degree.” 
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Tho system of clarifyiiipf the sewage most strongly recommended by liis experi- 
ence was that of aJlowing it to settle by simple subsidence j the sludge is then 
recommended to bo used by itself in a solid state. 


On some llecent Improvements in t7ie ^lanvfacturc of Artljicial Stone, and the 

Application of such Stone to Constructive and other rii) 2 )oses. By ruEDEiiicK 
Kansome, AJ,C,E, 

The progressive development of the natural world, tlirough periods which 
occurred long before tho dawn of tlui most rc'inotc^ traditions of antiquity, has 
placed at the disposal of inan materials which for llui most ])art emiiu'ntly 
subserve the varied purposes of construction and decoration. These materials, 
however, such as the gi’anites, mar])l(‘s, sandstones, limestones, ifcc., occur in 
isolated groups, in some instances so remole from the centres of ciAilizatioii as to 
render the employment of them prohibitablc for general us(‘, (‘xcepting in local 
situations. The requirements of man at an early period of his history dcmiandcd 
a material which should approximately fuliil the conditions of stone; and this 
necessity was in the earlier ages supplied by the manufacture of bricks, concret(', 
&c. The advantages afforded by these subslanees Avere iM^adily r(‘cogiiiz(‘d by th<; 
ancients, and have been fully appreciated in modern tinu^s; but grt'at as thest) 
advantages are in a constructive point of view, thijy full very far short of tho 
requirements of the present age. 

It is therefore no matter for surprise that numerous attempts liaA^e been madt', 
from time to time, to supersede the productions of nature bv the imitations of art ; 
and the importance of produeing a material comhining all tlie advantages, Avithout 
having the defects, oi the most useful hnilding-stont's, and po-'-sibly ]>osscssiiig 
attributes peculiarly and sp('citicnlly its oavu, aa-us rt'copni/.ed many years since by 
the author, w*ho set himself the task of solving the probhun of mumifaetming an 
artiticial stone which should <'Conouiically ansAver the varied purposi's of tlio pio- 
ductions of nature. 

His investigations into the nature and properties of stone cnmnn'iiced nearly 
thirty years since, and lie found that, Avitli lew exceptions, th(‘ liardt'st and most 
durable stones aatfc tlioso Avliich contaiin^d the largest proportion ol’ silica. 

]\rany geologists Avill doubtless recollect tlial some }ears since a siliceous 
mineral was discovered at the base of tho chalk hills in Siirrej^ (especially in the 
neighbourhood of Farnham) possessing some very peculiar properties, amongst 
others that of being readily soluble in a solution of caustic soda, at a moderately 
low temperature. Taking advanlege of this peciiliarily, the author oouinieneed a 
series of experiments, in order to determine if it Avero imt possible, AAithout the use 
of chloride of calcium, to produce a stone in all respects equal in quality to Avhat 
had hitherto been done ; and in this lie has noAv succeeded. 

By this latter process he combines a portion of tho Farnham stone, or soluble 
silica, with a solution of silicate of soda or potash, lime (or substances eontnining 
lime), sand, alumina, chalk, or otlier convenient and suitable materials, Avliieh, 
when intimately mixed, are mouldi'd into the required form as liendofore, and 
allowed to harden gradually, as silicate of lime is formed by the comhination of 
the ingredients present. The mass then becomes thoroughly indurated and con- 
verted into a compact stone, capable of sustaining extraordinary pressure, and in- 
creasing in hardness with ago. 

The chemical actions which elfoct these results appear to he as under. When 
the materials aro mixed together, the silicate of soda is dt'composed, tho silicic 
acid being liberated combines with the lime and forms a compound silicate of limo 
and alumina, while a portion of soda in a caustic condition i.s set free. This 
caustic soda immediately seizcAS upon tho soluble silica (from Farnham), which 
constitutes one of the ingredients, and thus forms a fresh sup])ly of silicate of 
soda, which is in its turn decomposed by a further quantity of hnie, and so on. 

If each decomposition of silicate of soda resulted in the setting free of tho Avholo 
of the caustic soda, these decomposing processes would go on as long as there was 
any soluble silica present with which the caustic soda could combine, or until 
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there ceased to be any uncombined lime to decompose the silicate of soda produced, 
the termination of the action being marked by the presence in the pores of the 
stone of the excess of caustic soda in the one case, or of silicate of soda in the 
other. In reality, however, ihe wholo of the caustic soda does not appear to be 
set free each lime the silicate of soda is decomposed by the lime, there appearing 
to be formed a compound silicate of lime and soda, whereby a small portion of the 
latter is fixed at each decomposition. The result is that the caustic soda is gradually 
fixed, and none inmiaiiis to he removed by washing or the other process. 

At the age of 10 weeks, in stones made by this process, the strength as compared 
with Portland stone was found to he as 714o Ihs. to lbs. per srpiare inch, and 
as compared with Braniley Fall 7 1 Id lbs. to 5120 lbs., and as regards granite 
7145 lbs. to 1200 lbs. per sfj[uani incli. With reference to durability, it has been 
found practically to withstnud tlie atniosplitric changes of various climates, having 
been exposed to tlie cold of Kii^sia and the heat and rains of India. In general 
appearance it beai-s such a perfect reseiiiblanco to the best descriptiem of natural 
stones as to mislead the most critical observers, wdiilst the facility of application 
and its economy in use will have* b(*en apparent from the hn'egoingdescription. 

By means of this process tlui field has been widely extended for the application 
of thti stoiu' produced Ihcrfljy, and which fur coin enieiice, as distinguishing it from 
all othi'rs, lias lieeii termed Apamite. It is now no di Hie nil t<isk to produce blocks 
of this material of any form and of any size, the only limit being the means 
available for handling them upon the .spot wliere they are to be employed. More- 
ovm*, the materials wliicli form tin* bulk of apo'iute are, us a rule, generally to bo 
Ituind in ahuiidanct' where hydraulic or other important works are being carried on, 
and for whieh purposesthe new stone is eminently suited. 

'flu* want of such a mateiial for such a purpose has long been fell, although that 
want, until n'ceiilly, has only been partially supplied. In 1870 Mr. J. W. Butler 
applied for aiul oblamed a patent for improvements in the application of Concrete 
to Structures and Found itioii, aFo to CoHerdams and similar constructions. Mr. 
Butler’s obvious derive wa^^, in the first place, to nrovidi' a cheap and etlieieiit sub- 
stitute for stone for li^draulii^ operations, and in the second to render unnecessary 
the construction of faise works, &c., and Ihu.s to a^oid the expense connected with 
the employiiK'ni of iron cylinders, liitherto so extensively used. The idea was 
certainly an excellent one, but in n'alization appeared to Mr. Butler vi'ry remote, 
until it occurred to liiiii that the material then introduced under tlie name of 
^ apo^aii to ” would answer tlie purposes of his proposed method.s of construction. 
He accordingly communicati'd Avith the author upon the subject; and with the 
sanction of the" enginei'r, a set of hollow CAlinders 8 ft. in diameter and 9 in. thick 
were made to form a part of a retaining Avail to protect the fon'slioiv of the Thames 
at Hermitage Wharf, wlicre tliey were accordingly .viiiik,and the result Avas satis- 
factory. 

Th() application of this principle’ is capable of modification to suit almost every 
variety of con.»,lrncti()u, and it will be found especially applicable in structures 
reipiiriiig heavy foiuulation.s, ]>articularly Avhore the ground is uncertain. 

15)1- forming a face-Avail in building quays or docks, instead of cylinders, 
rectangular hollow blocks or caissoii.s may b«' used. By employing liollow blocks 
of hexagonal form no interstices are left, a thin layer of the cementing material 
rendering the structure practically homogeneons. Cylinders con.structed upon this 
principle are also adapted for deep wells, apertures being formed in the sides for 
the admission of Avater. 

Thirning to Avorks of gi-eater magnitude, it A\ill bo seen that apamito forms a 
suitable substance for the construction of bridges, sea-walls, pi(’r.s, and similar 
undertakings, Sncli structuri's could he carried up to the underside of the bridge- 
girders, or built Avilli ordinary masonry above higli-Avater level. lAir sea-walls or 
piers another arrangement could be adopted, two rows of caissons being employed, 
separated from each other longitudinally, the intermediate space being tilh’d iiiAVitli 
dry rubble lioarting, and tlio blocks ’tliomselves witli a similar material or, if 
necossarv, with concrete. , . , , . . , . i . 

It Avoidd not he dilliciilt to multiply the instances in AA’hich this iiiatorial can be 
practi<-ally applied ) but sulVicient has been said on ibis point. An artificial stone 
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combining tbe advantages of apeenite, one, moreover, wbicli can bo so readily 
moulded into any form and size with but small expense and little or no delay, is 
necessarily applicable to a great variety of uses. The author then made a few 
brief remarks upon its applicability for ornamental and decorative purposes. 

Besides possessing the several properties which have been described, the apoeuite, 
when prepared with suitable materials, is capable of receiving the most delicate 
impressions, and by the incorporation of various metallic oxides, any variety of 
colour can be imparted to it. 

By the use of the native red oxide of iron, manganese, and other mineral 
substances, artificial marljle or granite of almost every description can be produced. 
These artificial stones, like Iheir originals, are capable of taking an excellent polish, 
are extremely hard, and can be readily moulded into the most elaburato forms, at a 
ve^ small cost. 

In conclusion, the author submits that, both constructively and ornamenially, 
apoenite is eminently fitted to meet the numerous requirements of tlie engineer 
and architect, and to siibsorve many useful and important purposes in the indus- 
trial arts. 


On Defecating Sewage and Utilizhig the Deposit for the preparation of Lime 
and Cement. Jhj ITaj.-Gcn, H. Y. I). kScott, C.B, 


On the Agriixdtural Value of the Lime Compouyids obtained hy Defecating 
Sewage. By Maj.-Ocn. II. Y. D. Scott, O.B. 


On the Selenitic Method of mal ing Mortar. 
By Maj.-Gon. II. Y. D. Scott, C.B, 


On an A^^paratus for testing the ^Yaiir~stopping effn ion ji of Clay Soils and 

other Substances mider various pressures. By John Sjiitk, Jun,^ A.M.y 
M.I.C.E.I. 

The author, when engaged in 1807 in repairing a leak in ihe principal emhank- 
nieiit of the reservoir for supplying (lie rivcT I3ann in Irelnnd (see Transnrtions of 
the Institution of Civil Engineers of Irelnnd, vol. ix. page fil, llislurieal 

Sketch of the Construction, Working, and Bepair of tlie Bann BestuToir’^), was 
obliged to make experiments on the capabilities of pent, clays, and soils in stanching 
water, and felt the want of an clficient apparatus for the purpose. Subsequently, 
after making more expoi-inientvS, he was led to de\ise tin' apparatus of whicli a 
diagram was exhibited. The instrument consists of a cylindrical chamber 0 inches 
in diameter, 8 feet deep, provided at tbe bottom with a ])erf()raled plate, whicli 
allows all leakage to pass away, and at the lop with another plate into which is 
screwed a 1 inch in diameter iron pipe, made of such lengtli as the position of the 
instrument and the pressure to he experimented wdlli w ill allow\ Two nairow 
glass window^s, 2 feet long hy inch wide, arc provided on opposite .«^id(S of the 
^linder, liy which to observe the behaviour of the siihstnnco under experiment 
Eirst a layer of gravel is put in to cover the holes in the bottom plate, next the 
experimental substance is rammed in, and ne.xt nnotlu'r layer of gTOvel. I'he 
author has tried experiments on 1 foot deep of peat, and found that although at 
first the leakage is increased by increase of pressure, yet when the pressure is kept 
constant it soon diminishes even with clear w^ater; in new eninaiikments the 
water passing through would he muddy, and likely to diminish tlie leakage ninch 
sooner. The author intends to make more experiments, and in the mean time 
commended the instrument to the notice of the Section as likely to be useful to 
those engaged in the construction of w'atcrworks. 
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On a Plan for Ilailway Amalrfamaiion wWi Government Coniroh 
Bif W. Bymons, F.C.S, 

The author stated the objections both to exten«<ivo amalpamations and to 
Government purcliasc and maiia^eineiit, and snf?gestcd that the evils of both could 
bo avoided, and the a-haiita^es hopi.‘d for from each secured, by blending the 
two schemes. Oiir railwa 3 ’s should be aiTang('d in six or more group*’, and the 
numerous classes of shnres, stock, kc. in eacli group be reduced by a commission 
of actuari(‘s, partly to dtilxmtiu'es bewaring a fixed iulcrest, but the larger portion to 
ordinary stook on which thfj Government should guaraiiti‘e a minimum dividend. 

The majority of the Din^ctors to bo still c*h*cte i by the Sh arc hr)h levs, but a few 
nominated by the Hoard of Trade, and pfukaps some Iw the large, towns and 
counties inb'restcd. The Hired nrs would ba\e a substantial motive for elhcieut 
and economienl management in keeping the divklnul al)ove Hie guoianteed 
minirntini ; but the Hoard of Trade would fix the tariff ])oth for pa«?sengers and goods, 
and should try the experiment of greatly reduced farc-^. A central (.'oimcil elected 
by the various Hoards of Dinu tors, with some memb.Ts sideclLd by tlie Hoard of 
Trade, could supervise tin' Avbole. Such a sebome would .secure the following 
.Md\ ant ages: — I^t, the public w'ould gain safer, (dieapiT, and better-aiTanged con- 
M‘yanct‘.s ; 2nd, the management of the property would still be with the Directors, 
Hie majority of wliom would be* elected by the Shareliohlers j 3rd, a vast saving 
would result from more economical and liarmonions working; 4tb, tlie property 
of lh(‘ Sbareliolder would always maintain a eerlnin ^allle; and otb, the pnblic, 
Hirongli the Government, without purebaring the railways, would Lave a real and 
(dlieient contred over the whole systmii, but this could not degenerate into a 
systmii of patronage and jolibing. Noeessary arrangemojits for new lines and 
extensions are alluded to, and the aulbor suggests that an introiluetion of American 
carriages would be cheaper and safer and dispense with the necessity of signals. 


On thr ufte of Steel TV/zn /<>/• Dup-sn'n Soandltufs, 

By I’rof.* iSir \V. Tikoiso.x, LL.IK ‘ 

The wire used is pianoforte wire of 22 gauge, which is less cumbersome and 
luany and acts with Jess friction than the Inmipen line now ii>ed. It needs not the 
heavy mass of iron, weighing from two to IVmr huiulredweiglit, hitherto employed 
to sink it, 30 lbs. bidng amply siiilicient for Mnniding in 3000 fathoms. It is paid 
out rapidly from a small drum controlled by a simple break composed of a cord 
fixed at one mid, and with a weight of from 10 Ihs. to 150 lbs. at the other, passing 
once and a half round the drum. It is easily and quickly drawn up, contrasting 
most advantageoiLsly in rapidity and poAver required aa ith the old system. The steel 
is preserved from rusting by the use of poAvdered lime, or by keeping the drum in 
()il Avheii not in use. 


0)i the Jihufi/ientwii of Lights at Sea, 

By Hrof. Sir W. Tuomsox, LL,D,<, FILS, 

The author drew the attention of the Soetion to the extreme importance of 
iH'ady identiiioaiiou of lights at sea ; and he pointed out hoAv diilicidt it is, under 
tin* present system of lighthouses, ti> distingui.^li one lighthouse from another. 
The means noAv adopted of sIoav revolving lights, Avith dillcreiit periods, WTre 
Avholly inad('qiial(‘, and AA'erc con.*5lanHy lending to error and somedimes to disaster. 
He proposed the use of flashing lights, the Hash being of longer or short or duration, 
ihi' short and long Hashes representing tlie dot and d.asb of the, Morse alphabet 
noAV used for telegraphing, b'aeli liglitLouse should signal its OAvn letter, and 
Avould thus be readily and rapidly dislingiiisbed. yueli a sa stem aa^s now used 
ri'giihirly in the navy for the transmis.rioii of mosMiges at sea ; and as AAdiat ho 
proposed involved only the signalling of a single letter, be considcri'd there need 
lie no diHicully in its adoption, and he thought that the subject should be pressed 
strongly on the Government. 
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Oil Dnlllng-Appamtmfoi' Oas- and Water-3Iauis. Bg A. Upward. 

On the advancement of Science due to Patented Inventions, 

Bij Thomas Webster, Q.C.^ M.A., F.lt.S. 

In this communication attention is directed to the contributions due to the 
labour expended on inventions which have been the subject of patents as illustra- 
tive of the position that art is the mother of science/’ The beiiolits which the 
practical or industrial arts have derived from the discoveries of science, as of 
modern chemistry, is not denied ; but the author points to photoj^raphy, vulcanized 
rubber, Siemens’s furnaces, Bessemer steel,” Kansome stone,” A:c. as instances 
in wliich art has preceded science, in results of which no adequate explanation 
can be given. It is suggested that the above would form a proper subject of 
inquiry and report by a Committee of the Association. 

On the Progress of Invention in Breech -loading Small Arms during the past 
Twentij Years, By A, Wylie. 

All the inventions in breech -loading firearms since 1851 presenting any novelty 
were reviewed and grouped in their natural connexion, so as to trace the develop- 
ment of each system down to the present time. The Ut'ports of the Small Arms 
Committee wei'e ciiticized and their conclusions disputed ; and it was shown that 
their decision arrived at three and a half years ago had had the evil efiect of putting 
almost a complete stop to invention in any direction except in that of the, chostm 
arm, the ingenuity ot the invemtors ami manufacturers being now expended in 
hopeless attempts to improve the Martini. 
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tho <50 of, 302. 

Anisler s planimetev, E. J. Bramwcll on, 
401. 

AiiimaL, indigenous, report oil the de- 
sirability of e'^tablishing a “close 
time'* lor the preservation of, 320. 

Austed (Prof.) 011 underground tempe- 
r.iture, 128; on tlie rainfall of tho 
Britisli Islec, 170. 

Antagonism between the action of active 
substances, ivn»>rt on the, 121. 

Antrim rainfall in 1870 and 1871, 208. 

Arirvll rainfall in 1870 and 1871, 203, 

261. 

I Astronomy, niete(nic, papens relating to, 

; 108. 

I Ayr rainfall in 1870 and 1871, 202. 

I Barnes (A. F.) on the desirability of 
j establishing a “close lime*’ for the 
I preservation of iiidigenuns animals, 

I 320. 

I Bale ((^^ Spence) 011 the fauna of South 
I Devon, 48. 

Batenian (.1. F.) on tlie rainfall of the 
Briti.sh Isles, 170; on claims for re- 
ward for inventions adopted by 
Government, 243. 

Bauerinnii (II.) on claims for reward for 
invt'iitioiH adopted by Government, 
243. 

Bazalgette (.7. V. N.) on a nniformityof 
wcitrhts and measures, 25. 

18 
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Bedfordshire r£dufall in 1870 and 1871, 
190. 

Berkshire rainfall in 1870 and 1871, 101. 

Berwick rainfall in 1870 and 1871, 202. 

Beyer (Charles E.) on steam-hoiler ex- 
plosions, 07. 

Birt (W. K.) on the discussion of obser- 
vations of streaks of the lunar crater 
Plato, 254. 

Bolide.s, g^eneral list of, and bripfht 
meteors observed in 1871 and 1872, 
110 . 

Bowring (Sir John) on a uniformity of 
weights and measures, 25. 

Bramwell (F. J.) on steam-hoiler explo- 
sions, e57 ; on instruments for measur- 
ing the speed of ships and currents, 
17G; on claims for reward for invdi- 
tions adopted hy (Jovernmenl, 245; 
report on Amsler’s planimeter, 401 . 

Brcclmock rainfall in 1870 and 1871, 

200 . 

Brighton AVaterworks, Edward Easton 
on the, 395. 

British-Association eclipse expedition of 
1871, interim report on tho results 
obtained by tlie, by J. Norman 
Lockyer, 330. 

British Isles, report on the rainfall of 
the, 176. 

Brooke (C.) on luminous moteor.s, 57 ; 
on the rainfall of the British Isles, 
176. 

Brough (J.) on earthqiiakos in Scotland, 
240. 

Brown (Samuel) on a uniformity of 
weights and measures, 25. 

Br^ce (l)r.) on earthquakes in Scotland, 

Buchan (A.) on tho rainfall of the 
British Isles, 170. 

Buckinghamshire rainfall in 1870 and 
1871, 190. 

Busk (George) on tlic exploration of 
Kent’s Cavern, 28. 

Bute rainfall in 1870 and 1871, 203. 

Caithness rainfall in 1870 and 1871, 
206 .^ 

Camhridgeshire rainfall in 1870 and 
1871, 191. 

Carboniferous-limestone corals, fourth 
report on the structure of, 241. 

Cardigan rainfall in 1870 and 1871, 201. 

Carlow rainfall in 1870 and 1871, 208. 

Carmarthen rainfall in 1870 and 1871, 

200 . 

Caraarvon rainfall in 1870 and 1871, 
201 . ^ 
Cavan rainfall in 1870 and 1871, 208. 


Chemical constitution and optical pro- 
perties of essential oils, report on, 311, 


Cheshire rainfall in 1870 and 1871, 196. 
Chosney (Creneral) on tho exploration 
of Moab, 210. 

Christison (Sir 11.) on tho antagonism 
between the action of active sub- 


stances, 124. 

Clare rainfall in 1870 and 1871, 208. 

Close time ” for the preser^^ati()u of 
indigenous animals, report on tho 
desirability of establishing a, 320. 

Corals, carboniferoiis-limestoiio, fourth 
report on the structure of, 211 . 

Covtield (Prof. W. 11.) on tho treatment 
and utilization of sewage*, J35. 

Cork rainfall in 1870 and J87l, 208. 

Cornwall rainfall in 1870 and 1871, 193. 

Crossley (Edward) on lunar objects sus- 
pected of cluinge, 2-15, 

Crustacea of Soutli Devon, 51. 

Cumberland rainfall in 1870 and 1871, 
198. 


Currents, report on instruments for 
measuring the speed of slnps and, 176. 


Dawkins (AV. Boyd) on the exploration 
of Kent’s Cavern, 28. 

Denton (J. B.) on the trcatmonl and 
utilization of sewage, 135. 

Derbyshire rainfall in 1870 andlSri, 105, 

Devon, Soutli, fourth rejiort on the 
fauna of, 48. 

DoAonshire rainfall in 1870 and 1871, 
193. 

Dixon (A\^. Ilepworth) on the explora- 
tion of Aloab, 210. 

Donegal rainfall in 1870 and 1871, 209. 

Dorset rainfall in 1870 and 1871. 103. 

Dresser (II. K) on the desirability of 
e.stublisliing a “close time” for tlie 
preservation of indigenous animals, 
3>20. 

Dublin rainfall in 1870 and 1871, 200. 

Dumbarton rainfall in 1870 and 1871, 
203. 

Dumfries rainfall in 1870 and 1871, 201. 

Durham rainfall in 1870 and 1871, 100. 


Earthquakes in Scotland, report of the 
committee on, 240. 

Easton (Edward) on steam-boiler ex- 
plosioip, 57 ; on claims for reward for 
inventions adopted by Government, 
243: on the Brighton AVaterworks, 
.‘{06. 

Eclipse expedition, British-Association, 
interim report on tho results obtained 
by the, 3.30, 
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Edinburgh rainfall in 1870 and 1871, 
203. 

Electrical-rosistanco pyrometer, Sie- 
mens’s report of the committoo on, 
134. 

Elliptic and hyperelliptic function?, \V. 
ILL. lUissell on recent progress in, 

Enniskillen rainfall in 1870 and 1871, 

208 . 

Essential oils, report of the committee 
for the purpose of investigating the 
chemical constitution and optical pro- 
p<*rties of. Dr. (Gladstone’s report, 311 ; 
Dr. Wright’s report, 313, 

I'issix rainfall in 1X70 and 1871, l‘.)l. 

luiropo, report on the ^lollusea of, com- 
pared ^vith those of I'iastcrn North 
America, 302. 

Evans (.Tohn) on the exploration of 
Kent’s (’avern, 28. 

Evoriitt (Prof.) on the rat<' of increutee of i 
underground temperature, 128. 

I’ixplosions, bloain-ljoiler, third report 
till the various plans pn»po.sed for 
legislating on tlio subject of, ^vith a 
view to their prevention, 57. 

Fuirhuirn (vSir \V., llaid.) on a uuifor- | 
niity of weights and measures, 25 ; on j 
stenin-bailer explosions, 57. i 

Farr (Dr.) on a uniformity of weights ; 
and measures, 25. 

Fauna of tSoulli Devon, fonrtli report on 
the, 48. 

IVllowes (F. F.) on a uniformity of 
weights and measures, 25. 

Field (IL) on the rainfall of the British 
Isles, 170. 

J'’ifo rainfall in 1x70 and 1871, 205. 

h'ishes taken oiV Plymouth, list of, 40. 

Fletcher (A. E.) on iiislrumonts for 
measuring the speed of ships and cur- 
rents, 170. 

Fletcher (Lavingtoii E.) on stoain-boilcr 
explosions, 57. 

Flint rainfall in 1870 and 1871, 201. 

Flower (Prof. AV, II.) on terato-embry- 
ological inmiiries, 334. 

Fonctions nrbilraires, sur reliininatioii 
des, par Ch. llermile, 233. 

I’orfar rainfall in 1870 and 1871, 205. 

Fossils, W. Jolly on the discovorv of, in 
r('rtain remote parts of the North-west 
Highlands, 238. 

Foster (Prof. M.) on ternto-ombryolo- 
gical imniiries, 334. 

Foster (P.LeNeve) on claims for reward 
for inventions adopted by Govern- 
ment, 243, 


Franklaud (Prof.) on a uniformity of 
weights and measures, 25. 

Fraser (Dr. T. II.) on the antagonism 
between the action of active sub- 
stances, 124. 

Froude (W. ), experiments on the surface- 
friction experienced by a piano moving 
through water, 118, 

(iahyay rainfall in 1870 and 1871, 200. 

Geikie (I’rof. A.) on underground tem- 
perature, 128. 

Gilbert (Dr. J. II.) on the treatment and 
utilization of sewage, 136. 

Ginsburg (Rev. Dr.) on the exploration 
of Southern Moah, 210. 

Gladstone (Dr.) on the chemical con- 
btitution aud optical properties of 
essential oils, 311. 

Giaisher (James) on luminous meteors, 
57 ; on underground temperature, 128 ^ 
on the rainfall of the British Isles, 176. 

( Glamorgan rainfall in 1«^70 and 1871 ,200, 

Gloucestershire rainfall in 1870 and 1871, 
105. 

(Glover (Dr. G.) on a uniformity of 
weights and meaMir(‘S, 25. 

Ciruham (^Kev. Dr.) on underground tem- 
perature, 128. 

Grantham (IL B.) on the treatment and 
utilization of sewage, 135. 

Greg (R. 1*. ) on luminous meteors, 67. 

(Guernsey rainfall in 1870 and 1871, 2(X). 

Haddington rainfall in 1870 and 1871, 

202 . 

Hampshire rainfall in 1870 and 1871, 
1X0. 

Havkiiess (Prof.) on the structure of 
GnrboniftTous-limestoiics corals, 241* 

Harley (Rev. R.) on hniar objects sus- 
pected of change, 246, 

Harrison (J. T. ) on the treatment and 
utilization of sewage, 136. 

llarting (J. 8.) on the desirability of 
establishing a “ close time ” for the 
preservation of indigenous animals. 
320. 

IlHwk4ey (T.) on the rainfall of the 
British Isles, 170. 

Hert'fordshire rainfall in 1870 and 1871, 
105. 

Honnite (C’h.) .«ur Telimination des fonc- 
tioiis arbitraires, 233. 

Ilcrschel (A. S.) on luminous meteors, 
67. 

Hertfordshire rainfall in 1870 and 1871, 

B)l. 

Ileywood (J.) on a uniformity of weights 
and measures, 26, 


18 ^ 
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Highlands, North-west, W. Jolly on the 
discovery of fossils in certain remote 
parts of the, 288. 

Hope (W.) on the treatment and utili- 
zation of sewajje, 185 j on claims for 
roAvard for inventions adopted by 
Government, 243. 

Huggins (Dr.) on constructing and print- 
ing catalogues of spectral rays arranged 
upon a scale of wave-numbers, 53. 

Hull (Prof.) on underground tempera- I 
ture, 128. 

Inventions, repoi*t of the committee ap- 
pointed to consider the mode in which 
new, and claims for reward in respect 
of adopted inventions are examined 
and dealt with by the dilferent de- 
partments of Government, and to re- 
port on the best means of removing | 
any real causes of dissatisfaction, as 
well as of silencing unfounded com- 
plaints, 243. 

Inverness rainfall in 1870 and 1871, 207. 

Isle of ^Man rainfall in 1870 and 1871, 

200 . 

Jeffreys (J. Gwyn), report on the Mol- 
lusca of ]<]urope compared with those 
of Eastern North America, 302. 

Jolly (W.) on the discovery of fossils in 
certain remote parts of the North-west 
Iliglilands, 238. 

Kent’s Cavern, Devonshire, eiglitli re- 
port of the committee for exploring, 

Kent rainfall in 1870 and 1871, 180. 

Ken’y rainfall in 1870 and 1871, 208. 

Kincardine rainfall in 1870 and 1<871, 
205. 

King’s county rainfall in 1870 and 1871, 

200 . 

Kirkcudbright rainfall in 1870*and 1871, 

201 . 

Lanark rainfall in 1870 and 1871, 203. 

Lancashire rainfall in 1870 and 1871, 
107. 

Laycock (Dr.) on the antagonism be- 
tween the action of active substances, 
124. 

Leach (Lieui.-Colonel) on the treatment 
and utilization of sewage, 135. 

Leicestershire rainfall in 1870 and 1871, 
105. 

Levi (Prof. Leor.e) on a uniformity of 
weights and measures, 25. 

Lincolnshire rainfall in 1870 and 1871, 
105. 


Lockyor (J. Norman) on constructing 
and printing catalogues of spectral 
rays arranged upon a scale of wave- 
numbers, 53 ; au interim report on the 
results ol)tained by the British-Asso- 
ciation eclipse expedition of 1871, 330. 

Londonderry rainfall in 1870 and 1871 , 

200 . 

Lowno (Benjamin) on terato-embryo- 
logical inquiries, 334. 

Lubbock (Sir John, Bart.) on the ex- 
ploration of Kent’s Cavern, 28. 

Lunar crater Plato, W, 11. Birt on tlie 
discussion of observations of streaks 
of the, 245. 

objects suspected of change, re- 
port of the ooinmittc‘e for discussing 
observations of, 245. 

Lyoll (8ir Chaides) on the cxplorntion 
of Kent’s Cavern, 28 ; on underground 
temperature, 128. 

Mackie (S. J.) on underground tempera- 
ture, 128. 

Mason (ilugh) on slcam-hoiler explo- 
sions, 57. 

Maw (George) on underground tempera- 
ture, 128. 

Maxwell (Prof. .1. Cha-k) on under- 
ground temperature, 1 28 j on Siennms’s 
electrical-resistauco pyrometer, 134. 

Measures, rej>ort on the best means of 
providing lor a uniformity of weights 
and, with reference to the interests of 
science, 25. 

Merioneth rainfall in 1870and 1871, 201. 

Merritield (C. W.) on instruments for 
measuring the speed of ships and cur- 
rents, 170; on claims for reward for 
inventions adopted by Government, 
243. 

Meteoric astronomy, papers relating to, 
108. 

showers, 70. 

Meteors, himiuous, report of the com- 
mitteii on, 57 ; doubly observed, 6t) ; 
large, 0(1 ; observed in August 1871, 
81 ; position of the radiant-pointy 87 ; 
general list of bolides and bright, 
observed in 1871 and 1872, 110. 

Middlesex rainfall in 1870 and 1871, 
188. 

Milne-IIome (D.) on earthquakes in 
Scotland, 240. 

Moab, geographical exploration of, 223. 

, Southern, report on the explora- 
tion of, 210. 

Mollusca, report on the, of ICiirope com- 
pared with those of Eastern North 

i America, 302. 
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Monmoutlishiro rainfall in 1870 and 
1871, 200. 

Montgomery rainfall in 1870 and 1871, 

201 . 

Mylno_ (R. AV.) on the rainfall of the 
J3ritisli Isles, 170. 

Napier (J. R.) on a uniformity of weights 
Hiid measures, 2o, 

Newton (Prof.) on the d<‘sira})ility of 
establishing a ‘‘close time” for the 
preservation of imliaenous jininials, 
;{ 20 . 

Norfolk rainlall in 1870 and 1871, 102. 

Nortlnunpton rainfall in 1870 and 1871, 
UK). 

Northeote (tlio Right Hon. Sir S. IJ.) 
on a unitorniity of weights and 
measures, 2o. 

Northumberland rainfall in 1870 and 
1871, UH). 

Nottingham rainfall in 1870 and 1871, 

100. 

Oils, es.sontial, report on the chemical 
cuiistitution and optical properties of, 
;ii 1 , 818 . 

Oldham (J.) on tidal observations, .‘loo. i 

Optical properties of essential oils, report I 
on the chemical constitution and, 811, 
818. 

Orkney rainfall in 1870 and 1871, 207. 

Oxfordshire rainfall in 1870 and 1871, 

101 . 

Parkes (William) on tidal observations, 
8oo. 

Peebles rainfall in 1870 and 1871, 202. 

Pembroke rainfall in 1870 and 1871, 

200 . 

Pengtdly ('William) on the exploration 
of Kent’s Cavern, 28 ; on underground 
lenip»‘ruliiro, 128. 

Penn (Julin) on steam-boiler explosions, 

r>7, 

I’erth rainfall in 1870 and 1871, 20''i. 

Pliillipa (Prof.) on the exploration of 
Kent’s Cnvern, 28; on underground 
temperature, 128; on the rainfall of 
the llritish Isles, 170. 

Plano moving through water, experi- 
ments on the surface-friction ex peri- 
meed by a, 118. 

I'lonimeter, Amsler’s, K, J. Brnmwcll 
on, 401. 

rivmonth, list of fishes taken olf, 40. 

Pole (Dr.) on the rainfall of the British 
Isles, 170. 

Pyrometer, Siemenses electrical-resist- 
ance, report of the committee on, 184. 


Queen’s county rainfall in 1870and 1871, 
209. 

Radnor rainfall in 1870 and 1871, 201. 

Rainfall of the British Isles, icport on 
the, 170. 

Ramsay (Prof.) on underground tem- 
perature, 128. 

Rankin e (Prof.) on instruments for nn a- 
suring the speed of ships and curr(‘iits, 
170; on tidal obsor\atioii^, 8oo. 

Ra^^llnson (Rev. Prof.) on the explora- 
tion of iMoab, 210. 

Renfr»‘w rainfall in 1870 and 1871, 202. 

Rcynohls (Prof.) c)n constructing and 
printing catalogues of spectral rays 
arranged upon a scale of wave-num- 
b(‘rs, o8. 

Richards (Admiral) on tidal observa- 
tion^, 85o. 

RiLd)y (S.) on steam-boiler explosions, 

o7. 

Roberts (K.) on th.c cxten.sion, iiii|jrove- 
ment, and harmonic analysis ot tichd 
observations, .‘>oo. 

Roscommon rainfall in 1870 and 1871, 
208. 

Ross and Cromarty rainfall in 1870 and 
1871, 200. 

Roxburgh rainfall in 1870 and 1871, 202. 

Russell (W. II. U.), report on recent 
progress in elliptic and hyperelliptic 
functions, 88o. 

Sanford (W. A.) on the exploration of 
Kent’s Cavern, 28. 

Scholiehl (Thomas) on steam-boiler ex- 
plosions, o7. 

Scotland, report of the committee on 
earthquakes in, 210. 

Selkirk rainfall in 1870 and 1871, 202. 

Sewage, fourth report on the treatment 
and utilization of, 18o; deodorization 
of, add precipitation of solid matters, 
as earned on luuler the patent of 
Messrs AVeare & Co. at StoKe Union 
Workhouse, ]8<>; deodorization of, 
and precipitation of solid matter, and 
conversion of solids into cement at 
Kaling, 188; treatment of Ealing, 
by upward liltiation, 189; on tho 
analysis of, and etlhient water from 
Ealing, 111; Whittbread patent, 142 ; 
on the dry-earth system, 143. 

Sewage-farms, Earls wood, 144 ; Tun- 
bridge AA'ells, 144; ISferthyr T^'dfil, 
140; Breton’s fann, 131. 

Shetland rainfall in 1870 and 1871,207 

Ships, on instruments for measuring the 
speed of, 170. 
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Shropshire rainfall in 1870 and 1871, 
195. 

Siemens (0. W.) on a uniformity of 
weights and measures, 25. 

Siemens’s electrical-resistance pyrome- 
ter, report of the committee on, 134. 

Sligo rainfall in 1870 and 1871, 208. 

Solar eclipse of December 12, 1871, re- 
port of the committee appointed to 
organize an expedition for observing 
the, 327. 

Somerset rainfiill in 1870 and 1871, 194. 

Spectral rays, report of the committee 
appointed to construct and print cata- 
logues of, arranged upon a scale of 
wave-numbers, 63. 

Speed of ships and currents, report on 
instruments for measuring the, by 
means of the dillerence of height of 
two columns of liquid, 170. 

Steam-boiler explosions, tliird report of 
the committee appointed to consider 
and report on the various plans pro- 
posed for legislating on the subject 
of, with a view to their prevention, 
67. 

Stoney (Mr.) on constructing and print- 
ing catalogues of spectral rays ar- 
ranged upon a scale of wave -numbers, 
63. 

Suffolk rainfall in 1870 and 1871, 19J. 

Surface-friction, experiments on the, 
experienced by a piano moving through 
water, 118. 

Surrey rainfall in 3870 and 1871, 188. 

Sus.sox rainfall in 1870 and 1871, 188. 

Sutherland rainfall in 1870 and 1871, 
206. 

Swan (Prof.) on constructing and print- 
ing catalogues of spectral rays arranged 
upon a scale of wave-numbers, o3. 

Sylvester (Prof.) on the rainfall of the 
British Isles, 17(). 

Symons (G. .T.) on underground tempe- 
rature, 128; on the rainfall of the 
British Isles, 176. 

Temperature, underground, report on 
the rate of increase of, downwards in 
various localities of dry land and under 
water, 128. 

Thomson f. lames) on tlie structure of 
Carboniferons-limestoiie corals, 241. 

Thomson (Sir \V.) on undergi’oiind tem- 
perature, 1 28; on Siemens’s electrical- 
resistance pvi*omelor, 134; on earth- 
quakes in Scotland, 240; on tidal 
observations, 365. 

Tidal observations, report of the com- 
mittee appointed for the purpose of 


promoting the extension, improve- 
ment, and harmonic analysis of, 356. 

Tomlinson (0.) on the rainfall of the 
British Isles, 170. 

Treatment and utilization of sewage, 
report on the, 136. 

Tristram (Rev. Dr.) on the exploration 
of ^loah, 210, 223 ; on the desirability 
of establishing a close time ” for the 
preservation of indigenous animals, 
320. 

Tyrone rainfall in 1870 and 1871, 200. 

Underground temperature, report on the 
rate of increase of, downwards in 
various localities of dry land and under 
water, 128. 

Uniformity of weights and measures, 
report on the best means of providing 
for a, witli reference to the interests 
of science, 25. 

Utilization of sewage, report on the 
treatment and, 135. 

Vivian (E.) on the exploration of Kent’s 
Cavern, 28. 

Voelcker (Dr. A.) on the treatment and 
utilization of sewage, 135. 

AVarwickshiro rainfall in 1870 and 1871, 
104. 

Water, experiments on the surface-fric- 
tion experienced by a piano moving 
through, 118. 

AVaterford rainfall in 1870 and 1871, 
208. 

AAuiterworks, E. Easton on the llriglitou, 
305. 

AA'^avo-numhers, report of thccommitteo 
appointed to construct and print cata- 
logues of spectral rays arranged upon 
a scale of, 5.3. 

AVebb (Uev. T. AV^) on lunar (djjeels 
suspected of chang(', 245. 

AA^cdjster ('riiomas) on steam-1 )oiler ex- 
plosions, 57. 

AA^eierstrass (Dr.), on tbo. system of by- 
perclliptic differential equation.- 
adopted by, 335. 

AVciglits and measures, repoid on tlic 
best moans of providing for a unifor- 
mity of, withrefermicetothti iiiterc'st,^ 
of science, 25. 

AVestinorcland rainfall in 1870 and 1871^ 
109. 

AATiitworth (8ir J., Bari.) on a uni- 
formity of weights and incasuroSj 
25. 

AA’’icklow raiiihill in 1870 and 1 871, 200, 

AATgtown rainfall in 1870 and 1871, 201, 
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Williamson (Vvof, A, W.) on a unifor- 
mity of weights and measures^ ; on 
Siemens’s electrical-resistance jiyro- 
meter, 1:34; on the treatment and 
utilization of sewage, 13o. 

Wiltshire rainfall in 1870 and 1871, 102. 

Woodward (Il.j report on fossil C’rus- 
tacea, 152] . 

Worcestersliire rainfall iu 1870 and 
1871, lOo. 


W^right (Dr.) on the chemical constitu- 
tion and optical properties of essential 
oils, 318. 

Yorkshire rainfall iu 1870 and 1871, 107, 

Zoological stations, report of the com- 
mittee appointed for the purpose of 
promoting the foundation ot, in differ- 
ent parlt> of the Avorld, 47. 


INDEX II. 


TO 

MISCELLANEOUS COM^I UNICATIONS TO THE 
SECTIONS. 


[J;/ (^) sif/iityics that no ab,'< 

•AheiTjMion, Vnif. l'lv<‘ivUona dilliculty 
in the theory of, 3(), 

A cid, s]dph uric, Prol. alhd on the occur- 
rence of native, in Masti‘rn Texas, 78. 
Acids, stt'arie, and ])almitic, W. Laiit 
Carpenter on a new process for tlie 
manufacture of, 71. 

Adams (AV. AL) on the m<*n.surator, a 
new instrument for tlu' solution of 
triangles, 

Aerial navigation, 0. A. Dowdier on, 
211 . 

* Africa, South, Dr. .T. C. Drown on the 

desiccation of, 207. 

* Agate, (i. Xhiwin (oi specimens of, and 

other natural colloid silica, 85. 
Albumen in neutral salts, AV. Lant 
Carpenter on the presence of, and on 
ii new process for tho manufacturo of 
stearic Viid palmitic acids, 71. 

* Alexander (ilajor-General Sir J. E.) 

oil the pollution of rivers, 220. 

Allman (I’rof.) on the structure and do- 
velopineut of Mifrana, 120 ; on some 
points in the development of Vorticel^ 
IkhVf 130 j ou tho structure of Nodi- 


itrait of ihi communication given 

hcaj 1:31; on the structure of JEV/- 
ivarclsia, 1.32 ; on tho structure of 
VgphonantcSy J :3.3. 

Alphabet, John lOvans on the, and its 
origin, J8l. 

America, Ivistern Xortli, J. Gwyn 
,letfre\s on tho Alollusca of Europe 
compared with those of, 1.37. 

Anatomy and physiology, I’rof. Durdon 
iSaiideVson's address to the department 
of, 145. 

Andrews (W. P.) on the Enphrates- 
valley route to India, 203. 

Aneroid, Prof. Phillips on tho tempera- 
ture-correction of an, (>1. 

Animal (marine), Dr. Sclaler on an ap- 
parently new, from the North Pacific, 
J40. 

Animals, young, D. A. Spalding on in- 
stinct, with original observations on, 
141. 

Animated frames, G. Harris on the con- 
current contemporaneous progress of 
renovation and waste in, and the 
extent to wdiich such operations are 
contrullnblo by artificial means, 152. 
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Annolides, fossil tuLicolar, Prof. H. A. 
Kicliolsoii on Orionia, a new genus 
of, with notes on the genus Tentacu- \ 
lites^ 118. 

Anthropologists, western, J. Kaines on, 
and extra-western communities, 180. 

Anthroj^ology, Colonel Jjano box’s Ad- 
dress to the department of, 157. 

Antrim, Prof. E. Hull on the trachyte 
porphyries of, 111. 

Archaic remains in Britain and America, 
J. S. Plienti on some evidences sug- 
gestive of a common migration from 
the East, shown by, 102. 

Arenig rocks of 8t. llavid’s, J. Tlopkin- 
son on the Graptolites of the, 107. 

Arsenic, metallic, Prof, ^tallet on the 
fusion of, 77. 

Arterial pressure. Dr. Burdon Sanderson 
on the cause of the respiratory varia- 
tions of, 154. 

Artiticial stone, E. Bausome on recent 
improvements in the manufacture of, 
and the application of such stone to 
constructive and other puipose.s, 248. 

Asiatic emigration, Sir G. Young, Bart., 
on the question, Is the. to the We'st 
Indies likely to he a permanent fact 
in modern geography,’^ 215. 

Astronomical refraction, G.Forheson,»‘>(). 

Atkinson (Uev. J. C.) on tlio predomi- 
nating Danish aspect of the local no- 
menclature of Cleveland, Yorkshire, 
175. 

Atlas, chain of the Great, John Ball on 
the orography of the, 208. 

Atmospheric refraction, I’rof. J. Thomson 
on, of inclined rays, and on tlio path 
of a level ray, 41, 

Baleines, les, du crag d’Anvers, par Prof. 
Van Benedcn, 184. 

Ball (John) on the orography of the 
chain of the Great Atlas, 208. 

^Barometer, Marriott!, description of the 
new, by M. Telford, (>2. 

•Barrett (W. E.) on a condition affect- 
ing the spheroidal state of li(j^uids, and 
its probable oflect on certain boiler- 
explosions, 48. 

Barrows of the Yorksliiro wu)lds, the 
liev. W. Grcenwcll on the, 187. 

Bate (C. Spence), exploration of some 
tumuli on Dartmoor, 175. 

Beach, raised, Prof. E. IIiill on the, of 
the north-east of Ireland, 118. 

•Beauty, F, T. Mott on the theory of the 
scientific value of, in relation to the 
doctrines of Mr. Dai^dn and Mr. 
Galton, 1.37. 


Becker (Lydia E.), statistics regarding 
the attendance and education of girls 
in the elementary schools of Manches- 
ter, 220. 

Beneden (Prof. Van) sur les Baleines du 
crag d’Anvers, 184. 

Bergeron (C.) on rapid and economical 
transport of merchandise, 241. 

Bernoulli’s mimhers, J. W. L. Glaisher 
on the function that stands in the 
same relation to, that the gamma- 
function does to factorials, 17. 

Biological Section, Sir John Lubbock’s 
Address to the, 128. 

Blood, E. A. Schafer on the coagulation 
of the, 155. 

•Boat-lowering apparatus, E. J. Hill on, 
24(). 

Bogouschevsky (Baron), note by, on tu- 
muli from Aschoradenin IJvonia, 178. 

*Boih'r-explosions, W. Barrett on a 
condition atfecting the spheroidal 
state of liquids and its probable eifect 
on certain, 48. 

•Bostel (I). T.) on a modification of the 
earth-closet, 241. 

Bowdler (C. A) on aihial navig*ation, 
241. 

Bovs ( Rev. H. A.) oil < h*cek meteorology, 
5:i. ^ 

Bracliiopoda, T. Davidson on tlu^ pres^mt 
state of our knowledge in connexion 
with the, fX). 

Bramw'ell (F. J.), Address by, to the 
Meclianical Section, 227. 

Brandis (Dr.) on the geographical dis- 
tribution of forests in India, 205. 

•Breech-loading fireariiLS, C. F. Demiet 
on, 242. 

small arms, A. Wylie on tlie pro- 
gress of invention in, during the past 
twenty years, 252. 

Brighton, J. Howell on the minerals 
lately found in the drainage-works at, 
108; on super-cretaceous formations 
in the neighbourhood of, 100; inter- 
cepting and outfall eew’ers, J. G. 
Gamhle on the, 245. 

Briti.«<Ii Association, Ineut.-Col. Strange 
on the duty of the, with respect to tlie 
distribution of its funds, 08. 

Brown (Dr. A. Cnmi) on chemical no- 
menclature, 09. 

* (Dr. J. C.) on tlio desiccation 

of South Africa, 207. 

* (J. H.) on refraction and solar 

spots, 80. 

Buchan (Alexander) on the deep-'water 
temperatures of Lochs Lomond, Ka- 
trine, and Tay, 207, 
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Biiiiliug (0. 0.) on the importance of 
providinj^r additional facilities for the 
instruction of School-Board pupils in 
tho^ higher branches of knowledge, 

Burgess (II.) on international coinage, 

222 . ' 


Button (E.), explorations in the gold- 
region of tlio Limpopo, 20^^. 

B)?kowski (Oryf Ja\a df3) on a through 
railway-route to India, Biissia and 
the Uxus \ alley, 200. 


Cable-signalling, 0. K. Winter on the i 
use of electroiiiagnotic instead of elec- I 
trostatic induction in, 52. i 

Cail (Bicliard) on Call’s lock salmon- i 
pass or swimming-stair, L*).*). | 

Cairns, religious, of the Himalayan 
region, B. B. Shaw on the, 104. 

Cambrian and Silurian rocks, 11. llieks 
on the, of Ilamsev Island, St. David's, 
107. 

Campbell (Archibald), nob's on the 
JiOoshais, 17t). 

(J. E.) on a visit to the h}pugeum, 

175, 

Canada, Sir D. (Jibh, Bart., on stone 
implements and fragments of pottery 
from, JSi;. 

Canal Cavour, P. Lt' Neve Foster, jnn., 
on tlic new liranch canal h'ading trom, 
for irrigating the province of Lomel- 
lina, 24d, 

Cannock Chase, W. Molyueux on the 
occurrence of copper- and lead-ores in 
the Banter conglomerates of, lid, 

Carmichael (A. A.) on a hypogeum at 
Valaquie, North Uist, 17(). 

Carpenter (Dr. W. B.) on the general 
oceanic thermal circulation, 48; on 
the temperature and other physical 
conditions of inland seas in their rela- 
tion to geologrical inquiry, iHJ. 

Carpenter (\V. l.ant) on the presence of 
albumen in neutral salts, and oii a new 
process for the manufacture of stearic 
and palmitic acids, 71 ; on the mode 
of collection of samples of deep-sea 
water, and of their analysis for dis- 
solved gaseous constituents, employed 
on hoard 1I.M.8. ^ Porcupine ’ during 
the summers of 18()0 and 1870, 72. 

Camithcrs (W.) on the tree ferns of the 
coal-measures, and their ailinities with 
existing forms, 1)8,- on Traquairia^ a 
radiolarian rhizopod from the conl- 
measuix^, 120. 

♦Carter (D.) on a modification of the 
earth-closet, 242, 


Caucasus, Dr. Charnock on the etlinolo- 
gical and philolouical relations of the, 
177. 

Caves of Perigord, Piof. T. Bupevt Jones 
on some hone and other implements 
from tlie, bearing marks indicative of 
ownership, tallying, or gambling, 1^^9. 

Ceylon, Trof. Bolleston on the WeJdo 
of, PJ4. 

Olialk escarpment, "NV, Topley on the 
relation oi the paiish boundaries in 
the south-east of England to gi’oat 
physical features, particiilarlv to the, 

lor. 

of the Paris b[usin, Prof. Ilt3bert 

on the, 104. 

Charnock (Dr.) on Sussex river-names, 
17(>; on certain geographical names 
ill the county of Sussex, 177; on the 
Ivoumanian gipsies, 177 ; on the gipsy 
dialect calk'd Sim,” 177; on the 
ethnological and philological relations 
of the Caucasus, 177. 

Chemical afliriity, heat, and electricity, 
Dr. Ciladstone and A, Tribe on the 
mutual helpfulness of, in producing 
tlie decomposition of water, 7o. 

elements, Prof. Zenger on the velo- 
city of light in the, and on their crys- 
talline form, 40. 

nomenclature. Dr. A. Crum Brown 

on, ()9. 

Section, Dr. J. 11. Gladstone’s 

Address to the, 04. 

Chemistry, elementary, Dr. T. Wood on 
teaching, to boys under 14 years of 
ngCj 87. 

Chlorine, W, AVeldon on the manufac- 
ture of, by means of manganite of 
magnesium, 80. 

Clark (Hyde) on the Mangnema or 
3Ianyema of Dr. Livingstone, 178; 
on polygamy as aflecting population, 
224 ; on the progress of the through 
railway to India, 242. 

Clay soils, J. {8inyth, jun., on an appa- 
ratus for testing the water-stopping 
efliciency of, and other substances 
under pressure, 250. 

Clevelaiia, Kev. J. C. Atkinson on tho 
predominating Danish aspect of tho 
local nomenclature of, 175. 

*Clillbrd (Prof.) on tlic contact of sur- 
faces of the second order with other 
surfaces, 13. 

Coagulation of tlie blood, E. A. Schafer 
on the, 155. 

Coal- and iron-mines, T. A. lloadwin 
on the, of the Arigna district of the 
Connaught coal-measures, 122. 
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Coal-measures, W. Oarruthers on the 

. tree ferns of the^ and their affinities 
with existing forins; 98. 

, W. Carrutliers on Traqumna, a 
radiolarian rhizopod from the, 12G. 

— — y liev. J. Gunn on the prospect of 
finding productive, in Norfolk and 
Suffolk, 102. 

Codeine, Dr. Wright on now derivatives 
from morphine and, 87. 

’^Colbron (J. P.) on the drainage of 
Shoreham, 242. 

Collins (M.), new imprm’emeuts ap- 
proximating more rapidly than usual 
to square, cube, and other roots of a 
given number N, 13. 

^Colloid solutions, Dr. Ord on the crys- 
tallization of salts in, 79. 

Colour, change of, in Fishes and Criis- 
tacea,M. G.Pouchet ont he mechanism 
of the, 1/32. 

Conglomerates, Bunter, W. Molyneiix 
on the occurrence of copper- and lead- 
ores in the, of Cannock Chase, IIG. 

Connaught coal-measures, ,T. A. Kcadwin 
on the coal- and iron-mines of the 
Arigna district of the, 122. 

*Cooper (W. J.) on aproposed method of 
preventing the fermentation of sewage, 


Copper, A. Tribe on the precipitation of 
silver by, 84. 

Copper- and lead-ores, W. IMolyneux on 
tlic occun’ence of, in the Buiitcu* con- 
glomerates of Cannock Chase, llG. 

Colton, J. Galletly on the ignition of, 
by saturation with fatty oils, 73. 

Crace-Calvert (Dr. F.) on the relative 
power of various substances in pre- 
venting putrefaction and the deve- 
lopment of protoplasmic and fungus 
life, GO. 

Cretaceous rocks, J. W. Judd on tho 
discovery of, in the islands of Mull 
and Inch Kenneth, 115. 

super-formations, J. Howell on, 

in tho neighbourhood of Brighton, 
109. 

Croger (Charles T.) on tumuli at A.s- 
cheraden in Livonia, 178. 

’’^Croullebois (Prof.) on the action of 
quartz on ultra-violet rays, 30 ; on 
tubes phosphorescent by friction, 30. 

Crustacea, M. G. Pouchet on the me- 
chanism of the change of colour in 
fishes and, 152. 

*Cryst{dline schists, Dr. Robert Sim on 
certain quartz -nodules occurring in 
the, near Killin, Perthshire, 122. 

Crystallographic, the, system of leucite, 


hitherto supposed to be regular, is 
quadratic, by G. vom Rath, 79. 

Cube, and other roots of a given num- 
ber N, M. Collins on new improve- 
ments in approximating more rapidly 
tlian usual to square, 13, 

*(hirley (T.) on the sewage difficulty, 
242. 

Curves, quartan, F. IV. Newman on tii- 
diametral, 22 ; on, with three or four 
diameters, 23 ; on monodiametral, 23. 

Cyelonc\s, Cliarlos Meldriirn on a perio- 
dicity ill the frecniency of, in the 
Indian Ocean south of tho equator, 

m. 

Cf/phondKtvs, Prof. Allman on the struc- 
ture of, 133. 

Dartmoor, C. Spence Bate on an explo- 
ration of some tumuli on, 175. 

Davidson (Thomas) on the pn'sent state 
of our knowledge in connexion with 
the Brachiopoda, 99. 

Dawkins, W. Boyd on tho physical 
geography of the Mediterranean 
during the Pleistocene age, 200 ; re- 
port on the archieological and zoo- 
logical results of the exploration of 
tho Victoria Cave, 178. 

Deep-sea researches, Cant. M. Hall on 
the employment of yaciits in, 13G. 

water, \V. Lant Carpenter on tho 

mode of collection of samples of, and 
of th(‘ir anal} sis for dissolved gaseous 
constituents, employed on hoard 
1I.M.8. ‘I^orcupino’ during the 
sumnuu-s of 18G9 and 1870, 72. 

Definite integrals, J. W. L. (Jlaivsher on 
the i'valuation in series of certain, !•>. 

DeLa Pue (Dr. Warren), Address by, to 
tho Mailicmatical and IMiysical Sec- 
tion, ]. 

Delesse’s (M.) Avork, entitled Idtlio- 
logie dll fond des Mers,” J. (J. Jeffreys 
on submarine explorations with re- 
ference to, 115. 

Dennet (C. F.) on Ramie, a new plant, 
with description of its uses, &c., 12G. 

* on breach-loading firearms, 212. 

Dents dll Macrcnfchemay P. (Icnais 
surles, etleur modede remplacement, 
13G. 

Devonian age, rocks of. Prof. J. Hall on 
the occurrence of trunks of rsuro7iivs 
in an erect position resting on their 
original bed in, in the state of New 
York, with some inferences regarding 
tho condition of the sea-bottom and 
shore-line during tho deposition of 
the strata, 103, 
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Bewai (James) on recent estimates of 
solar temperature, 50 j on the tempe- 
rature of the electric spark, 51. 

Dickson (Prof.) on tlie cones of Pimts 
pinaafcr^ 127 ] on Stir/viarice from the 
fossiliferoiis strata at Auchentorlio, 
127. ^ 

Dillrnclion, Dr. T. O. AVanl on n phcno- 
ni(mun connected with, 45. 

Diffractioii-o-ratinprs, the lion. J. \V. 
Strutt on the apphcaiion of photo- 
frraphy to copy, 5J). 

Dines (Georf^e) on a new hydrometer, 

Dinitrobrombeiizene, J. F. Walker on, 

S5. 

Dtnoholua, 1\ Davidson and Prof. W. 
Kiiid on the genera TrimvreUa^ Mono^ 
incrvlla^ and, 100. 

DiM'ase, d-vafl. tlicory of. Dr. J. lloss on 
the, 152. 

Di.stribuiion of pnme numbers, J, W. D. 
Ghiisher on the law of, 10. 

Down, Prof. F. Hull on the trachyte 
porpliyi ies of Antrim and, 1 1 1. 

Dreddiiid. expedition, notes of a deep- 
sea, in the Gulf of St. Lawrence, by 
J, Whiteaves, 145. 

Dredgings in liake Ontario, Prof. Nichol- 
son’s report on, 157. 

* Drilling-apparatus, A. Upward on, for 
gas- and water-mains, 252. 

Dust, G. Gladstone on the, thrown up 
hv Vesuvius during the late eruption, 
7J. 

’*'Earth-cIos('t, D. T. Hostel on a niodi- 
ticiition of the, 241. 

■ , D, Garter on a moditication of the, 

212 . 

lOalou (11.) on certain economical im- 
proveraenls in the construction of 
locomotive engines, 215. 

Fehinodennata, naked, G. IMoore on the 
pivsenc(» of, in tlio Inferior Oolite and 
] das, 1 1 7. 

lOcknrt (\V. II.) on iiiariiio pr<ipulsion, 
245. 

Felipso dll 12 Di^o. 1871, rcsultat de 
SOS observations dans I’liido siir P, 
par Dr. Janssen, 54. 

Economic Science and Statistical Sec- 
tion, Prof. II. Fawcett's Address to 
the, 217. 

Education, the Kev. E. Tlale on the 
place of geography, political and phy- 
sical, in, 201). 

FAhvardsia, Prof. Allman on the struc- 
t *ve of, 152. 

I'diislic solid, Dr. J. ITepkiiison on the 


stresses produced in an, by inequa- 
lities of temperature, 51 . 

Electric spark, J. Dtiwar on the tempo - 
i rature of the, 51. 

Electricity, Dr. J. IT. Gladstone and A. 
Tribe bn the mutual helpfulness of 
chemical allinity, heat, and, in pro- 
ducing the decomposition of water, 
75. 

l^llectrolysia of water, C. J. Woodward 
on a modi ji cation of Hofmanns ap- 
p.a'atus for, 87. 

Elementary bodies, IF Schenk on the 
nmomit of heat required to raise, from 
absolute zero to thoir state of fusion, 
H2. 

Elliot (Sir AValter) on the priiuitivo 
wea])ons of ancient India, 180. 

Elm, M. 3Ioggridge on a curious, 129. 

Engines, locomotive, IF Eaton on cer- 
tain economical improvements in the 
construction of, 215. 

^England, G, A. T..obour on the geolo- 
gical distribution of goitre in, 115. 

, soutli-enst of, W. Topley on the 

relation of the parish buiindaries in 
the, to great physical features, par- 
ticularly to the chalk escarpment, 
107. “ 

English nation, A. L. Ticwis on the 
pretended identilieation of the, ^^ith 
the “ Lost Ilouxo of Israel,’’ 190. 

Etlnu's, J. A. Wanklyn on some new 
methods of analyzing the, 85. 

Jjiplirates-valli'v route to India, W. P. 
Andrews on tlie. 205. 

Europe, J. G. .lellreys on iho Mollusca 
I of, compaied with tIio>so of J^astern 
I North America, l.‘>7. 
i Evaluation in series of certain deiinito 
integrals, .1. W. L. Glaishor on the, 
15. 

hnans (John) on the alphabet and its 
origin, 181. 

^Everett ( Prof. J, D. ) on focal lines, 50 ; 
on a difliculty in the theory of aberm- 
tion, 5() ; on mirage, 5,(>. 

^Evolution, the IF-v. J. T. Giilick on 
diversity of, under one set of external 
conditions, 150. 

Factorials, J. W. L. Glaishor on the 
function that stands in the same re- 
lation to Bernoulli’s numbers tliat the 
gamma-function docs to, 17. 

Fatty oils, .1. Galletly on the ignition 
of cotton by saturation with, 75. 

Fawcett (Prof. 11.) , Address to the Sec- 
tion of Economic Science and Sta- 
tistics, 217, 
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Fellowes (Frank P.)) suggestions for im- 
proving and extending our national 
accounts, 224. 

^Fermentation of sewage, W. J. Cooper 
on a proposed method of preventing 
the, 

Fichtclite, Prof. Mallet on the occur- 
rence in recent pine-timber of, a hy- 
drocarbon hitherto only known in a 
fossil state, 70. 

Filter-pump, T. E. Thorpe on an im- 
proved form of, 83. 

Fishes and Crustacea, M. G. Pouchet on 
the mechanism of the change of colour 
in, 152. 

Flora of INloab, A. W. Ilayne on the, 128. 

of Siisse.x, AV. P. Ileinsley on a 

summary analysis of the, 128. 

Flower (Prof. H.) on the arrange- 
ment and nomenclature of the lobes 
of the liver in Mammalia, 150. 

*Focal lines, Prof. Everett on, 30. 

Fonviello (W. de) on the advantages of 
keeping records of physical phenomena 
connected with thunder-storms, 55. 

Forbes (George) on astronomical re- 
fraction, 30, 

Forests in India, Dr. Brandis on the geo- 
graphical distribution of, 205. 

, G. Lemoino on the relation of, to 

hydrology, 210. 

Fossil animals, Prof. A. Gaudry on the, 
from Mount Leberon (Vaucluso), 102. 

chip, Prof. Nicholson on a silici- 

fied forest in the Poclcy Mountains, 
with an account of a supposed, 102. 

Fossiliferous strata. Prof. Dickson on 
Sti(pnarm from the, at Aiichentorlie, 
127. 

Foster (P. Le Neve, jun.), description 
of the new branch canal leading from 
the Canal Cavour for irrigating the 
province of Lomellina, 243, 

Fox, Colonel A. Lane, Address to the 
Department of Anthropology, 357. 

French and English peoples, Dr. T. 
Nicholas on the ethnological afTi- 
nities of the, 191. 

Fresh- and brackish-water formations, 
R. A, C. Godwin- A listen on the place 
of the, in the geological scale, 90, 

^Friction, Prof. Croiillehois on tubes 
phosphorescent by, 30. 

Fronde (AV.) on an apparatus for auto- 
matically recording the rolling of a 
ship in a seaway, 243. 

Fungus life, Dr. Crace-Calvert on the 
relative power of various substances 
in preventing putrefaction, and the 
development of protoplasmic and, 69. 


GafHeld (Thomas) on the action of sun- 
light on colourless and coloured glass, 
37. 

Galletly (John) on the ignition of cotton 
by saturation with fatty oils, 73. 

Gallon (Francis), Address to the Geo- 
graphical Section, 198. 

Galvanic battery, the llev. II. llighton 
on a powerful, 77. 

Gamble (John G.) on the Brighton in- 
terci'pting and outfall sewers, 245. 

Gamma-function, J. \V. Ij. Glaislier on 
the function that stands in the same 
relation to Bernoulli’s numbers that 
the, does to factorials, 17. 

(uirrod (A. IL) on pulse-rate and tlie 
forces which vary it, 151. 

Gaseous, tlie liquid, and the solid states 
of matter, Prof. J. Thomson on rela- 
tions h«dweeii tlie, 24. 

Gaudry (Prof. A.) on tlio fossil animals 
of Aiount Leberon (Vaucluse), 102. 

Geographical Section, Francis Galtoii’s 
Address to tin*, 198. 

Geography, political and physical, tlie 
Rev. E. Ilale on the place of, in edu- 
cation, 209. 

, scientific, General Strachey on the 

scope of, illustrated liy remarks on the 
climate of India, 214. 

Geological Section, It. A. (lodwin- 
Austen’s Address to the, 90. 

Gervais (Paul) sur les dents du Macrau- 
chenutf et lour mode de remplacemeiit, 
136 . 

Gibb (Sir D., Bart.) on apata-patoo from 
New Zealand, 185; on stone imple- 
ments and fragments of pottery from 
Canada, 180. 

Girls, Lydia E. Becker on statistics re- 
garding the attendance and education 
of, in the elementai’y schools of Alan- 
chester, 220. 

Gladstone (George) on the dust thrown 
up by Vesuvius during the late erup- 
tion, 74. 

(Dr. J. 11.), Address by, to the 

Chemical Section, 64 j on filiform 
native silver, 75. 

mid Alfred Tribe on the mutual 

helpfulness of chemical afiinity, heat, 
ancl electricity in producing the de- 
composition of wati'T, 75. 

Glaisher (J. AV. L.) on the evaluation in 
series of certain definite integrals, 15 ; 
on the function that stands in the 
same relation to Bernoulli’s numbers 
that the gamma- function does to 
factorials, 17 ; on the law of distribu- 
tion of prime numbers, 19, 
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Glass, colourless and coloured, T. Gaf- 
lield on the action of sunlight on, 37. 

God wiii-A listen (R. A. C.), Address to 
the Geological Section, 00. 

*Goitre, G. A. Lehouv on the geolo- 
gical distribution of, in England, llo. 

*Gold coinage, Jiritish, W. Chandler 
lioherts on a curve illustrating the, 
82. 

Gordon (A, IVECalliim) on the distribu- 
tion of pure water to dwellings, 240. 

Graft theory of disease, Dr. J. lloss on 
the, lo2. 

Grant (Lieut. -Coloiud J. A.) on Dr. 
Livingstone’s recent discoveries, 200. 

Graptolites, J. llopkinson on the, of the 
Areiiig rocks of St. David’s, 107. 

Greek meteorology, the Dev. II. A. Boys 
on, 53. 

Greemv(drs, Canon, excavations, Prof. 
Bolloston on some skulls obtained in, 
103. 

Greenwell (Kev. W. ) on the barrows of 
the Yorkshire wolds, 187. 

Grubb (llow'ard) ou some new points 
in the mounting of astronomical t(de- 
scopes, .‘10. 

Gnaranine, .John Williams on the pre- 
paration of, 83. 

Gulf of St. LawT('nce, J. F. Whiteave.s 
on a deep-sea dredging-expedition in 
the, 143. 

*Gulick (the Lev. J. T.) on diversity of 
evolution under one set of external 
conditions, L‘13. 

Gunn (Rev, J.) ou the prospect of tind- 
iiig productive' coal-measures in Nor- 
folk and Sullolk, w'ith suggestions as 
to the place whore an experimental 
boring should be made, 102. 

Hale (Rev. E.l, the place of geography, 
political and physical, in education, 
200 . 

Hall (Prof. .T.) on the occurrence of 
tvnnksof P.'i<(rofn'usm an erect position, 
resting on their original bed, in rocks 
of Devonian age in the State of Ntwv 
York, with some inferences regard- 
ing tlie condition of tlu' .sea-hot tom 
and shore-line during the deposition 
of the strata, 103 ; on the relations of 
the IMiddle and Upper Silurian rocks 
of the United States, 103. 

Hall (Capt. M.) on the employment of 
yachts in deep-sea researche.s, 1.30. 

Harris (G.) on the concurrent contem- 
poraneous progress of renovation and 
waste in animated frames, and the 
extent to which such operations arc 


controllable by artificial means, 152,- 
on theories regarding intellect and in- 
stinct, with an attempt to deduce a 
satisfactory conclusion therefrom, 188. 

Ilavne (A. W.) on the flora of Moab, 
128. 

Heat, R. Schenk on the amount of, 
required to raise elementary bodies 
from absolute zero to their state of 
fusion, 82. 

, and electricity, Dr. J. II. Glad.stone 

and A. Tribe on the mutual helpful- 
ness of chemical aflinity, in producing 
tin' decomposition of water, 75. 

Hebert (Prof.) on the chalk of the Paris 
basin, 101. 

llemsley (W. B.), summary analysis of 
the flora of Sussex ( Phtenogams and 
Ferns), 128. 

Hicks (Henry) on the Cambrian and 
Silurian rocks of Ramsey Island, St. 
David’s, 107. 

Highton (Rev. H. ) on a powerful gaU 
vanic battery, 77. 

•Jlilgard ( J. kk) on a verification of the 
probability function, 21. 

*11 ill ( E..T.) on boat-lowering apparatus, 

210 . 

Himalayan region, R. B. Shaw on the 
religious cairns of the, 104. 

Hodgson (C.) on wire tramways, 240. 

Hofmann's apparatus for electrolysis of 
water, C. ,T. Woodward on a modifica- 
tion of’, 87. 

•I lope ( W.) on the ost imation of the oiTor 
intlie flight of heavy projectiles due to 
the Woolwicli system of rifling, 240. 

llopkinson (Dr. J.) on tlie stresses pro- 
duced in an elastic solid by inequalities 
of temperature, 51 j on a nautical pho- 
tometer, 50. 

(J.) on the Graptolites of the 

Areiiig rocks of St. David’s, 107. 

IIow'cll (James) on the minerals lately 
found in the drainage-'works at 
Brighton, 108; on super-cretaceous 
formations in the neignbourhood of 
Brighton, 100. 

How'orth (H. 11.) ou recent changes of 
level of land and sea, 210. 

Hull (Prof. E.) ou the trachyte por- 
phyries of Antrim and Down, 11 1 ; 
on the raised beach of the north-east 
of Ireland, 113. 

* ou a proposal for supplying pure 

water to villages and country parishes 
in central and eastern divisions of 
England, 22(3. 

•Human voice, G. V. Leo on the, as a 
musical instrument, 68. 
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Hydrogen, A. Schuster on the spectrum 
of, 88, 

Hydrology, G. Lemoine on the relation 
of ibreats to, 210. 

Hygrometer, G. Dines on a now, 69. 
llypogeutn, A. A. Carniicliael on a, at 
Valaquie, North Uist, 17G. 

, J. K Campbell on a visit to the, 

176. 

Implement, flint-, station, Lieut. C. 
(Jooper King on the discovery of a, at 
Wishmoor llottom, near Sandhurst, 
190. 

Implements, Prof. T. Rupert .Tones on 
some bones and other, from the caves 
of P^rigord, France, bearing marks 
indicative of ownership, tallying, or 
gambling, 189. 

, stone. Sir D. Gibb, Bart., on, and 

fragments of pottery from Canada, 
18(3. 

India, ancient, Sir W. Elliot on the 
primitive weapons of, 180. 

, Dr. Brandis on the geographical 

distribution of forests in, 205. 

, H. Clarke on the progress of the 

through railway to, 242. 

, climate of, General Strachey on 

the scope of scientific geography, 
illustrated by remarks on the, 214. I 
— , Gryf Jaxa de Bykow.ski on a 
through railway route to, via Russia 
and the Oxus valley, 209. 

, Capt. E. Jones on the direct liigli- I 
way to, 210. 

, W. P. Andrews on the Euphrates- 

valley route to, 208. 

Indian Ocean south of the eejuator, 
Meldriim on a penodicity in the 
frequency of cyclones in the, 6(5. 
Induction in cable-signalling, G. R. 
Winter on the use of electroinagiietic 
instead of electrostatic, 62. 

Instinct, G. Harris on theories regarding 
intellect and, with an attempt to 
deduce a satisfactory conclusion there- 
from 188. 

• , D. A Spalding on, with original 

observations on young animals, 141. 
Intellect and instinct, G. Harris on 
theories regarding, with an attempt to 
deduce a satisfactory conclusion there- 
from, 188. 

International coinage, II. Burgess' on, 

222 . 

Ireland, north-east of, Prof. E. Hull on 
the raised beach of the, 118. 

Iron, meteoric, Prof. Mallet on the effect 
upon, as regards capability of being 


forged, of previous heating to redness 
or whiteness in vacuoy 77. 

Iron-mines, T. A. Keadwin on the coal- 
and, of the Arigna district of the C -on- 
naught coal-measnrcs, 122. 

Jan.ssen (Dr.), lijsultat de sea observa- 
tions dans rindo sur I’l^clipse du 12 
Ddc. 1871, 84 j nouveau thermom^tre 
destim$ i\ prendre les tenipiSratures de 
la surface de.s eaux marines on flu- 
viales, 69. 

Jeflreys (J. Gwyn), a few remarks on 
submarine explorations, with refereiico 
to M. Delesse’s work entitled Litho- 
logic du fond des Mens,” 116; on tlio 
IMollusca of Europe compared with 
those of Eastern North America, 187. 
J(mes (Capt. Felix), the direct liigliway 
to India considered, 210. 

(Prof. T. Rupert) on some bone 

and other implements from the caves 
of Perigord, France, bearing marks 
indicative of ownership, tallying, or 
gambling, 189. 

Judd (J. W.) on the discovery of creta- 
ceous roclvs in the islands of Mull 
and Inch Kenneth, 115. 

Kaincs (Joseph) on wc.sl(‘rn anthro- 
pologists and e-xtra-weslern commu- 
nities, 189. 

Katrine, Lochs Lomond, Tav, and, 
A. Buchan on the deep-water tempe- 
rature of, 207. 

Kent’s Cavern, Torquay, W. Pengolly 
on 3Iach aired us latuhus, found by tlie 
Rev. .1. ^lacEnery in, 119. 

Keuper, J. E. L('o on veins or fissures 
in the, filled with Rbietic bone-bed, 
at Goldclifle, 11(5. 

King (Lieut. C. Cooper), discovery of a 
flint-implement station in Wishmoor 
Bottom, near Sandhurst, 180. 

(Prof. W.) and T. Davidson tm 

the genera Trimenllay DinoholuSy and 
MowmicreUay 100 . 

*K6nig (Rudolf) on musical beats and 
resultant tones, 68. 

T.ake Ontario, repoii on dredgings in, 
187. 

Superior, Prof. IT. A. Nicholson 

on the geology of tlio Thunder Bay and 
Shabendowan mining-districts on the 
north shore of, 118. 

Tanganyika, II, IM. Stanley on 

discoveries at the northern end of, 2 18. 
Lava, G. vom Rath on leiicito, 79 ; on 
R remarkable block of, ejected by 
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Vesuvius at the great eruption, April 
1872, which proves the formation of 
silicates through sublimation, 120. 

Lawson (Prof,) on some speciiiioua of 
Toriiila inclinata, 129. 

Ticad-ores, W. JMolyneiix on the occur- 
rence of copper- and, in the IhinU'r 
conglomerates of Cannock Chase, 
110 . 

^Tiobour (O. A.) on the geological dis- 
tribution of goitre in England, 115. 

*TiO(' (C. V.) on tli(^ human voice as a 
miHical insi nimeiit, 58. 

lii'c (J. notice of \eins or fissures in 
the Keii])(‘r, filled with lllnetic bouc- 
bed, at (ioldclilVo in 3Ioiinu>ullishire, 
lit), 

Leiiioine (C.) on the robitioii of forests 
to hydrology, 210. 

J^cucito, the crystallogra])liic sysfimi of, 
hitherto supposed to bo regular, is 
([uadratic, by (t. rom Ivatli, 7t>. 

Ia'VoI of land and sea, IT. II. Howorlli 
on recent changes of, 210. 

*Jw'wis (A. L) on tli(' pretended identi- 
fication of the English nation with 
the Tiost House of Israel,’’ ItK). 

Idas, ( \ ^loorc* on the prc‘sence of naked 
Echinod(‘riuata in the Infm-ior Oolite 
and. 117, 

•Liebig’s extract of nu^at, Dr. Edward 
Smith on the economic and nutritive 
vnliu' of, 227. 

Light, Prof. Zenger on tin* 'vidocity of, 
in the cliemical elements, and on their 
crystal line* form, 40. 

Liglits at s<‘a, Sir W. Thoin.son on the 
identification of, 251. 

* Limneeu^y Prof. C. Semper on the 
normal and abnormal growth of, lot). 

Limpopo, E. Hutton on (*\plorations in 
the g()ltl region of the, 208. 

Li(piid, and the .solid stat(‘.s of matter, 
Prof. J. Thomson on relations betw'cen 
the ga.seou.s, the, 24. 

•Liquids, AV. R Harrett on a condition 
affecting the .splu’roidnl state of, and 
its pi'obable enect on certain boiler- 
(‘xplosions, 48. 

^‘Lithologic du fond dos Mei‘.s,’’ J. G, 
.Ldfreys on .siihinarino oxploration.s 
with n'fercnce to M. Deles.sc’a work 
entitled, 115. 

Liver, lobe.s of the, Prof. Flower on the 
arrangenumt and nomenclature of the, 
in Mammalia, 150. 

Livingstone (Dr.), extracts from the 
official dospatche.s of, 211. ^ 

Livingstone’s (Dr.) recent discoveries, 
Lieut.-Coloncl Grant on, 200, 


Livonia, C. T. Criiger on tumuli at A.s- 
cheraden in, 178. 

Locomotive engines,!!. Eaton on certain 
economical improvements in the con- 
struct ron of, 243. 

Lomond, Locli.s Katrine, Tay, and, A. 
Buchan on the deep-water tempera- 
ture of, 207. 

Looshais, Archibald Campbell on tin*, 
170. 

*^^Lost llous'i of Israel/* A. L. Lewis 
on the pretended identification <>f the 
English nation with the, 190. 

M(tchfiiroflu.'< \V. Pongelly on, 

found by tli.i Lev. d. MacEuery in 
Kent's f'a'^eni, 'forquay, 110. 

M(t( niuvJimni,]*. Gervais sur lesdenisdu, 
et lour mode de remplacenient, 130. 

Magnesium, manganite, of, W. Weldon 
on tlic manufacture of chlorine by 
means of, 8(). 

Mallet ( Prof. J. W. ) on the effect unon 
meteoric iron, as regards the capability 
of being forged, of previous heating to 
redness or whiteness in vacuo j 77 ; on 
the fusion of metallic arsenic, 77 ; on 
the occurnmee of native sulphuric 
acid ill Ea.stern Toxa.s, 78; on the 
occurronco in recent pine -timber of 
Eiclitelito, a hydrocarbon hitherto 
only known in a fossil state, 79. 

Mammalia, Prof. Flower on the arrange- 
luonl and nomenclature of the lobes of 
the liier in, 150. 

Man, Prof. Slruthers on the oceiin’enoo 
of the snpracondyloid proc(*ss in, 150, 

Manchester, Lydia E. liecker on ata- 
tistic.s regarding the attendance and 
edueatiou of girls in the elementary 
schools of, 220. 

Mangnema or Manyema of 1 )r. Living- 
stone, Hvde (’Jnrke on the, 178. 

Marine animal, Dr. 8clnter on an np* 
parently new, from the North Pacific, 
140. 

propulsion, W. I!. Eekart on, 243. 

Mathematical and Physical Section, Ad- 
dress l)y Dr. Warren Do La Due to 
the, 1. 

flatter, Prof. ,1. Thoni.son on relations 
between the gaseous, the liquid, and 
the solid states of, 24. 

•flayers (W. F.) on the Paiithays of 
Yunnan, 211. 

*]Meat, preserved, Dr. h'dward Smith on 
the economic and nutritive value of, 
227. 

Mechanical Section, F. J, Bramwell’s 
Address to the, 227. 
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Mediterranean, W. Boyd Dawkins on *Mott (F* T.) on the theory of the 
the physical geography of the, during scientific value of beauty in relation 

the Pleistocene age, lOO. to the doctrines of Mr. Darwin and 

Meldrum (Charles) on a periodicity in Mr. Galton, 

the fre<][ueiicy of cyclones in the Indian Moimt Leberoii, Prof. A. Gaudry on the 
Ocean south of the equator, 50. fossil animals of, 102. 

Mensurator, W. M. Adams on the, 59. Mounting of astronomical telescopes, 
Merchandise, C. Bergeron on rapid and 11. Grubb on some new points in 

economical transport of, 241 . the, 80. 

^lerrifield (C. W.) on the measurement *Muscular contraction, Dr. Kadclifte on 
of waves, 246. the mechanism of, 152. 

^Metals, Dr. Oppenheim on the action Museum, national iiatiiral-histoiv^, how 
of phosphorus on alkaline solutions of, a, might bo built and arranged witli 
70. advantage, by 11. A. Peacock, 188. 

Meteoric iron, Prof. Mallet on the effect ^Musical beats and resultant tones, 11. 
upon, as regards capability of being Konig on, 58. 
forged, of previous heating to redness 

or whiteness in vacuo, 77. National accounts, suggestions for im- 

Meteorology, Greek, the Kev. II. A. proving and extending our, by F. P. 
Boys on, 58. Fellow es, 224. 

^Milk, preserved, Dr. Edward Smith on natural-history museum, how a, 

the economic and nutritive value of, might bo built and arranged with 
227. advantage, by K. A. Pt'acock, 188. 

Minerals, .T. Howell on the, lately found N(;w-Irelnud paddles, ornamentation of, 
in the drainage -worits at Brighton, 169. 

108. Newman (F. AV.) on tridiametral quav- 

*Mirage, Prof. Everett on, 36. tan curves, 22 ) on quartan cur\ cm 

Mitraria, Prof. Allman on the structure with tliree or four diameters, 28 ; on 

and development of, 129. monodiametral quartan curves, 28. 

Moab, A. W. Ilayne on the flora of, 128. New York, Stale of, on the ocourrt‘iic(i 

, the llev. Canon Tristram on the of trunks of Psaronius in an erm t 

geology of, 128. position, resting on their original b<'8, 

♦Mobius, Prof. 11. J. 8. Smith on the in rocks of the Devonian ag(‘ in tlie, 

circular transformation of, 24. 108. 

Moffat (Dr.) on a tube ozonometer, 79. Now Zealand, Sir D. Gibb, Bart., on a 
Moggiidge (M.) on a curious elm, 129; pata-patoo from, 18.o. 

on the Mentone skeleton, 190. Nicholas (Dr. 1\) on the ethmdogical 

Mollusca, J. G. Jeffreys on the, of Europe affinities of the French and English 

compared with those of Eastern North peoples, 1 t)l . 

America, 187. Nicholson (Prof. II. A.) on tlio geology 

Molyneux fW.) on the occurrence of of the Thunder Bay and Shahendowaii 

copper- and lead-ores in tlie Bunter mining-districts on the north shore of 

conglomerates of Cannock Cha.se, 116. Lake Superior, 118; on Ortoma, a 

Monmouthshire, J. E. IjGO on veins or new genus of fossil tubicolnr anne- 

iissures in the Keiiper, filled with lides, with notes on the genus 'Fcn/n- 

Rhsetic bone-bed at Goldcliffo in, 116. cuUtes, 118; report on dredgings in 

Monodiametral quartan curves, E. W. Lake Ontario, 187 ; notice of a sili- 

Newman on, 28. cified forest in the Rocky Mountains, 

Monomerella, T. Davidson and Prof. \V. with an account of a supposed fossil 
King on the genera Trimerdla, Uino- chip, 192. 

bolus, and, 100. Noetiluca, Prof, Allman on the structure 

Moore (C.) on the presence of naked of, 131. 

Echinodermata {Holothurid) in the Norfolk and Suffolk, the Rev. J. Oiiim 
Inferior Oolite and Lias, 117. on the prospect of finding produeti\o 

Morphine, Dr. Wright on new deriva- coal-measures in, 102. 
tives from, 87. 

•Mortar, Major-Gen. H. Y. D. Scott on Oceanic thermal circulation, Dr. Car- 
the selenitic method of making, 250. peiiter on the general, 48. 

•Mossman (A.) on the topography of Oils, fatty, J. Gallctly on the ignition 
Y eddo, 211. of cotton by saturation with , 7 8. 
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Oolite, Inferior, C. Moore on the pre- 
sence of naked Echinodermata in the, 
and Lias, 117. 

*Oppeijheini (Dr.) on the action of 
phosphorus on alkaline solutions of 
metals, 79. 

*Ord (Dr.) on the crystallization of 
salts in colloid solution^, 79. 

Ortonia^ Drof. JI. A. Nicholson on, a 
new genii.s of fossil tubicolar anne- 
lides, 118. i 

Osborn (("apt. Sherard) on polar explo- | 
ration, 211. i 

Oxyg’en, J. A. Wanklyn on the con- i 
tinuotis production of, «8/). j 

Ozonometer, on Dr. ^Moffat’s tube, 79. | 

Pacific, Northern, Dr. Sclater on an ap- ; 
parently new maiine animal frcnn the, i 
140. ! 

Paddl(\s, New-1 reland, ornamentation I 
of, 109. ; 

Pamir, P. B."Shaw on the physical fca- i 
tuH's of the, and its Aryan inhabitants, ; 
210 . i 

•Panthays of Yunnan, F. Mayors on j 
the, 2il. ' 

Paris basin, Prof. Ilcbcrt on the chalk ! 

of the, 104. i 

Parish boundaries in the south-east of : 
England, W. Toplev on the relation 
of tlic, to p-eat pliy.sical features, ' 
particularly to tlie clialk escarpment, j 
197. 1 

Pata-patoo, Sir 1). Oibb on a, from Now 
Zealand, 18o. 

Patented invt’ntions, T. Webster on the 
advancement of science, duo to, 2ol. 
Paul (W.) on the ndative value of 
(lari tied and unclaritied sewage as 
manure, 247. 

Peacock (U. A.), how a national natural- 
history nuis(Mim might be built and 
arranged with advantage, 108, 
*Piuiduliims, Prof. 4"ait on svmpathv 
of, 24. 

Peiigelly (W.), notes on MaclunnHlus 
Inti (lens found by the Pev. J. ^lacEnery 
in Kent’s (hivern, Torquay, 119. 

Phf’iie (J. S. ) on some evidences sug- 
g(‘stive of a common migration from 
the East, shown by archaic remains in 
America and Britain, 192. 

Phillips (^Prof. J.) on the temperature- 
correction of an aneroid, 61. 

* Phola^ Candida, J. Robertson on the 
perforating instruments of, 140. 
♦riiosphorus. Dr. Oppenheim on the 
action of, on alkalmo solutions of 
metals, 79, 

1872. 


Photography, the lion. J. W. Strutt on 
the application of, to copy diffraction- 
gratings, 39. 

, Colonel Stuart Wortley on the 

importance of the salts of" uranium 
in, 45. 

Photometer, nautical. Dr. J. IJopkinson 
on a, 69. 

rhijllnsvra raMafriv, Prof. Thiselton- 
Dyer on, 127. 

Physiology, Prof. Burdon Sanderson’s 
Address to tlio department of Ana- 
tomy and, 146, 

Pine-timber, Prof. Mall(‘t on the occur- 
rence in recent, of Fichtelite, a hydro- 
carbon liitlierto only known in a fossil 
state, 79. 

Pin us junu^tn', Prof. Dickson on the 
cones of, 127. 

Pleistocene age, W. Boyd Dawkins on 
the physical geography of the Meditcr- 
raiit'an during tlie, KX). 

Polar exploration, Capt. Sherard Osborn 
on, 211. 

Polygamy, II. Clarke on, as affecting 
population, 224. 

Poucliet (M. C.) on the nicchanisin of 
the change of colour in fishes and 
Crustacea, 15‘h 

Prime numbers, J. W. \j. Olaisher on 
the law of distribution of, 19. 

*Probability function, .1. E. Ililgard on 
the verilic'ation of the, 21. 

Protoplasmic and fungus life, Dr. Orace- 
Calvert on the relative power of 
various sub.stanci's in preventing pu- 
trefaction and the development of, 

m, 

Psaronins, Prof. J. Hall on the occur- 
rence of trunks of, in an erect position, 
resting on their original bed, in rocks 
of Devonian age in the State of New 
York, 10 : 5 . 

Pulse-rate, A. II. Harrod on the, and 
the forces which vary it, 151. 

Pump, lilter-, T. E. Thorpe on an im- 
proved form of, 8 . 3 . 

Putre fiction, Dr. Croce-Calvert on the 
rolalivc power of various substances 
in preventing, and the development 
of protoplasmic and fungus life, 69. 

(Quartan curves, F. W. Newunan on tri- 
diametral, 22 ; on, with three or four 
diameters, 23 ; on monodiametral, 23. 

*Quartz, Prof, (vroullebois on the action 
of, on ultra-violet rays, 36. 

*Q,nartz-nodulp8, Dr. Robert Sim on 
cm-tain, occurring in the crystalline 
schists near Killin, Perthshire, 122. 

19 
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♦Jladclifle (Dr.) on the mechanism of 
muscular contraction, 152. 

llailway ainalganiation, W. Symons on 
a plan for, with government control, 
251. 

Ivainfall of Sussex, F. E. Sa^vyer on 
tlie, 58. 

lianiie, C. E. Dennet on, a new plant, 
with description of its uses, &c., 
12(5. 

Eansome (F.) on recent improvements 
in the manufacture of artiticial stone, 
and the application of such stone to 
constructive and other purposes, 248. 

Rath ((i. vom), the crystallogi*aphic 
system of leucite, hitherto supposed 
to be regular, is quadratic, 71) ; on a 
remarkable block of lava ejf'ctcd by 
Vesuvius at the great eruption, April 
3872, which proves the formation of 
silicates through sublimation, 120. 

Rays, inclined, Prof. J. Thomson on 
atmospheric refraction of, and on the 
path of a lev^el ray, 41. 

* , ultra-violet, Prof. Croullebois on 

the action of quartz on, 50. 

Readwin (T. A.) on the coal- and iron- 
mines of the Arigna district of the 
Connaught coal-measures, 122. 

Red -rocks, near Mentone, M. Moggridge 
on the skeleton of the, 190. 

Refraction, G. Forbes on astronomical, 

m. 

* and solar spots, J. II. Brown on, 

50. 

, atmospheric, Prof. J. Thomson on, 

of inclined rays, and on the path of a 
level ray, 41. 

Respiratory variations of arterial pre.s- 
sure. Dr. Burdon Sanderson on the 
cause of the, 1 54. 

Rhmtic bone-bed, J. E. Leo on veins or 
fissures in the Keuper filled with, at 
GoldclifTe in Monmouthshire, 110. 

Rhinoceros, Dr. Sclater on a new, with 
remarks on the recent species of this 
genus and their distribution, 140. 

Rhizopod, radiolarian, W. Carruthers on 
Traqmiria, a, from the coal-measures, 
120 . 

*Rifling, Woolwich system of, estima- 
tion of the error in the flight of heavy 
rojectiles due to the, by W. Hope, 
46, 

*Rivers, General Sir J. E. Alexander on 
the pollution of, 220. 

*Roberts ( W. Chandler) on a curve illus- 
trating the British gold coinage, 82. 
Robertson (John) on the perforating 
instruments of Fholas Candida^ 140. 


Rocky Mountains, Prof. Nicholson on a 
silicifled forest in the, with an account 
of a supposed fossil chip^ 192. 

Rollestou (Prof.) on some skulls ob- 
tained in Canon Greenwell’s excava- 
tions, 195 ; on the Weddp of Ceylon, 
194. 

Rolling of a ship in a seaway, W.Froude 
on an apparatus for automatically re- 
cording the, 243. 

Roots of a given number N, M. Collins 
on new improvements in approximat- 
ing more rapidly than usual to square, 
cube, and other, 13. 

Ro.ss (Dr. J.) on the graft theory of 
disease, 152. 

Roumanian gipsies, Dr. Charnock on, 
177. 

*Riihbings from 8t. Patrick’s Chair, co. 
Mayo, R. S. Symes on, 197. 

8t. David's, Henry Hicks on the Cam- 
brian and Silurian rocks of Ramsey 
Island, 107. 

, J. Hopkinson on the graptolites of 

the Arenig rocks of, 107. 
*Saccliaromet(?r, Prof. Zenger on the 
tangential balance and a now, 6.3. 
Salmon-pass or swimming-stair, Richard 
Cail on a lock, 135. 

*Sal(s, 1 )r. Ord on the crystallization of, 
in colloid solulitms, 79. 

, neutral, W. Lnnt Cai'penter on the 

presence of albumen in, and on a new 
I proc(‘ss for the manufacture of stearic 
I and palmitic acids, 71. 

01 uranium, Colonel Stuart Wortley 

on the importance of the, in photo- 
graphy, 45. 

Sanderson (Prof. Burdon), Address to the 
Department of Anatomy and Physio- 
logy, 145 ; on the cause of the respi- 
ratory variations of arterial pressure, 
1 54. 

Sawyer (F. E.) on the rainfall of Sussex, 
58. 

Schafer (E. A.) experiments relating to 
the coagulation of the blood, 155. 
Schenk (R.) on the amount of heat re- 
quired to raise elementary bodies from 
absolute zero to their state of fusion, 
82. 

School-Board pupils, C. G. Bunting on 
the importance of providing additional 
facilities for the instruction of, in the 
higher branches of knowledge, 222. 
Schools, elementary, of Manchester, 
I^ydia E. Becker on statistics regard- 
ing the attendance and education of 
girls in the, 220. 
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Schuster (Arthur) on the spectrum of 
hydrogen, 38. 

Science, advancement of, Thomas Web- 
ster on the, due to patented inventions, 
251. 

Selak?r (Dr. P. L.) on a new rhinoceros, 
with remarks on the recent species of 
this genus and their distribution, 14() ; 
notice of an apparently new marine 
animal from the Northern I'acific, IdO. 

•Scott (Major-(?eneral II, Y. D.) on 
defecating sewage, and utilizing the 
deposit for the preparation of lime 
and cement, 250 j on the agricultural 
value of the lime compounds obtained 
by defecating sewage, 250 ; on the si*- 
leiiitic method of making mortar, 250. 

Seas, inland, Dr. Darp«*nter on the tem- 
perature and other pliy.sical conditiuiis 
of, in their rtdalion to gc'ological in- 
quiry, tX). 

*Sedimentarv rocks, Dr. ()gi('r Ward on 
the formation and stratilicatioii c»f, i 
123. 

•Seeley (II. (1.) on the occurrence of a 
Dritish fossil Zeuglodon at liartoii, 
Hants, 122. 

•Semper (I'rof. Carl) on the normal and 
abnonnal growth o{ Li iwifvusy 150. 

Serpent- worship, C. S. Wake on the 
origin of, 11)8. 

Settle-Cave-exploration committee, r<'- 
port on the Victoria (’ave, by W. 
Hovd Dawkins and li. II. Tiddeman, 
176. 

•Sewage, W. J. Cooper on a proposed 
method of preventing the fermenta- 
tion of, 73. 

* ditlieulty, T. Curley on the, 24-2. 

* , Maj.-Gen. 11. Y. D. Scott on 

defecating, and utilizing the depo.'sit 
for the preparation of lime and ce- 
ment, 250; on the agricultural value 
of the lime compounds obtained by 
d(^fecating, 250, 

, W. Paul on the relative value of 

clarilied and iinclaritied, as manure, 
247. 

Shaw (P. D.) on the religious cairns of 
the Iliraalayan region, 194; on the 
physical features of the Pamir and 
its Aryan inhabitants, 213. 

Ship, rolling of a, in a seaway, W, Froude 
on an apparatus for automatically re- 
cording tiie, 243. 

Shin’eff (Miss) on the national union for 
improving the education of women, 
220 . 

•Shoreham, J. P. Colbron on the drain- 
age of, 242. 


Silicates, G. vom Rath on a remarkable 
block of lava i*jected by Vesuvius at 
the great eruption of April 1872, 
which proves the formation of, through 
sublimation, 120. 

Silicilied forest, Ihof. Nicholson on a, in 
the Rocky Mouiilains, with an account 
of a supposed fossil chip, 192. 

Silurian rocks, Prof. J. Hall on the re- 
lations of th(‘ Middle and Upper, of 
the United Suites, 103. 

, H. Hicks on the Cambrian 

and,of ]Uuuse\ I.sland,Sl. Davitl’s, 107. 

Silver, Dr. J. il. Gkd.'^tcnie on tiliform 
native, 75. 

, A. Tribe on the precipitation of, 

by co]>pi‘r, 84. 

•Sim (Dr. liob(*rt) on certain quartz- 
nodules oceurring in the ervHtalliiie 
s(‘liDts, near Killin, Peith^hire, 122. 
Sim,” Dr. Cliariiuck on the gipsy dia- 
lect called, 1 77. 

Skeleton of the red rocks, near Mentone, 
M. Moggri<lg(‘ on tin*, 190. 

Skulls obtained in Canon GreenvvtdTs 
excavations, Prof. Rollestoii on, 193, 

•Slickeihsides, Dr. Ogier Ward on, or 
rubbed, polished, or striated rocks, 
123. 

•Smith (Dr.) on the economic and nu- 
tritive value of llie three principal 
pr<*>erved foods, v i/. pn served milk, 
preserved meat, and Jnebig's extract 
of meat, 227. 

•Smith (Prof. II. J. S.) on the circular 
transformation of Mobius, 24. 

Smyth (J., juii.) on an apparatus for 
testing llie water-stopping elFiciency 
of elav soils and other substances 
under various pressures, 250. 

•Solar spots^ J. 11. Drown on refraction 
nini, 30. 

I(un])era1ure, J. Dewar on recent 

estimates of, 50. 

Soundings, deep-sea, Sir W. Thomson 
on the use of steel wire for, 251, 

Spalding (D. A.), in>tinct — with ori- 
ginal observations on young animals, 
141. 

Spectrum of hydrogen, A. Schuster on 

! the, 38. 

•Spheroidal state of liquids, W. F. Bar- 
rett on a condition albectiug the, and 
its probable etiect on certain boiler- 
explosions, 48. 

Spiral top, Prof. Zengor on the, C2. 

Square, cube, and other roots of a given 
number N, M. Collins on new improve- 
ments in approximating more rapidly 
than usual to, 13. 

19 * 
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Stanley (II. M.), discoveries at the north- 
ern end of Lake Tanganyika, 213. 

Stearic and palmitic acids, W. Jjant 
Carpentc'r on a new process for the 
nianiifacturo of, 71. 

StiyniaruPy Prof. Dickson on, from the 
fossiliferoiis strata of Auchentorlie, 
12 /. 

Strachey (General 11.) on the scope of 
scientihc geography, illustrated by re- 
marks on the (diinate of India, 214. 

Strange (Lieut.-Colonel) on the duty of 
the British Association with respect 
to the distribution of its funds, 03. 

Stresses produced in an elastic S(did bv 
ine(pialities of teniptu-ature, Dr. J. 
llopkinson on the, ol. 

Struthers (Prof.) on the occunence of ! 
the supracondyloid process in man, | 
lot); on the sternum and pelvic bone 1 
in the right whale and in great ! 
tin-wliales, loti; on the occurrence j 
of tinger-miiscles in the bottle-nose | 
whale, 1*00. ; 

Strutt (the lion. .1, W.) on the applica- j 
tion of photography to copy dillrac- i 
tion-gralings, 39. 

Submarine explorations, J. G. .lelfrcys j 
on, with reference to l)elos.se’s i 
work entitled Lithologi(» du fond des i 
Mera,” llo. | 

Sub-Wealden exploration, W. Topley 1 
on the, 122. | 

Suffolk, the Itev. .1. (»uim on the pro- j 
s})ect of finding productive coal-mea- i 
sures in Norfolk and, 102. I 

Sulphuri(! acid, native, Prof. Mallet on ; 
the occurrence of, in Eastern Texas, ' 
78; _ ^ ; 

Sunlight, T. Gaflield on the action of, j 
on colourless and coloured glass, 37. i 

Supracondyloid process, I’rof. Striitliers 
oil the occurrence of tin*, in man, 
150. 

*Surfaces of the second order, Prof. 
Clifford on the contact of, with other 
surfaces, 13. 

Sussex, Dr. Chamock on certain geo- 
graphical names in the county of, 177. 

river-names, Dr. t3iarnock on, 170. 

, F. E, Sawyer on the rainfall of, 58. 

, summary analysis of the flora of, 

by VV. B, liemsley, 128. 

*Symes (R. S.) on rubbings from St. 
Patrick’s Chair, co. Mayo, 197. 

Symons (W.) on a plan for railway 
amalgamation with government con- 
trol, 251. 

^Sympathy of pendulums, Prof. Tait on, 
24, 


*Tait (Prof. P. G.) on sympathy of pen- 
duliiins, 24 ; on double neutral points 
in thermoelectric currents, 52. 

•Tangential balance, Prof, Zenger on 
the, and a new saccharornetor, 63. 

Tay, Lochs Katrine, Lomond, and, A. 
Buchan on the deep-water tempera- 
ture of, 207. 

Telescopes, astronomical, II. Grubb on 
some new points in the mounting of, 
30. 

•Telford (Macneil), description of the 
new Marriotti barometer, 02. 

Temperature-correction of an aneroid, 
Prof. Phillips on the, 01. 

Temperature*, deep-water, of liochs I^o- 
mond, Katrine, and Tay, A. Buchan 
on the, 207. 

, Dr. ,1. llopkinson on the stresses 

produced in an (‘histic solid by the 
inequalities of, 51. 

of the electric spark, J. Dewar on 

the, 51. 

, solar, J. Dewar on recent e.stimates 

of, 50. 

Teinpth'aturesde la surface descaux ma- 
rines oil fluvinles, nouveau thermo- 
metre destine a prendre le8,par le Dr. 
Janssen, 59. 

TentacuHfes^ Prof. 11. A. Nicholson on 
Ortoniuy a now genus of fossil tubi- 
colar aunelides, with notes on the 
genus, 118. 

Texas, ICasU'ni, Prof. Mallet on the oc- 
currence. of native sulphuric acid in, 78. 

•Thermoelectric current, Prof. Tait on 
double neutral points in, 52. 

Thennometre, nouveau, destine a prendre 
les temperatures de la .surface des oanx 
marines on Iluviale.s, par le Dr. Jans- 
sen, 59. 

Thisel ton- Dyer (Prof.) on PhtjUoxvra 
vastatrix^ 127. 

Thomson (Prof. J.) on relations hetw(*cn 
the ga.seous, the liquid, and the solid 
stales of matter, 24 ; on atmospheric 
refraction of inclined rays, and on the 
path of a level ray, 4\/ 

Thomson (Sir W.) on the use of steel 
wire for deep-sea soundings, 251 ; on 
the identification of lights at sea, 251. 

Thorpe (T. E.) on an improved fonn of 
filU^r-pump, 83. 

Thunder Bay, Prof. IL A. Nicholson on 
the Ideology of the, and Shabendownii 
mining-districts on tlie north shore 
of Lake Superior, 1 18. 

Thunder-storms, W. de Fonvielle on the 
advantages of keeping records of phy- 
sical pheiiomeua connected with, 55. 
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Tiddeman (It. H.) on the physical his- 
tory of the deposits in the Victoria 
cave, 179. 

Topley (W.) on the sub-Wealden ex- 
ploration, 122; on the relation of the 
parish boundaries in the south-east of 
England to great physical features, par- 
ticularly to tlie chalk escarpment, 197. 

Tortala inclinatay Prof. Lawson on some 
specimens of, 129, 

Trachyte porphyries, Prof. 1C. Hull on 
the, of Antriin and Down, 111. 

Traquainay W. C-arruthers on, a vadiola- 
rian rhizopod from the coal-measures, 
120 . 

Triangles, W. M. Adams on the mtm- 
surator, a new in.strum(uit for the 
solution of, 59. 

Trilai (A.) on the precipitation of silver 
by copp«*r, 84. 

and Dr. .1. H. (lladstone on the j 

mutual helpfulness of chemical alH- | 
nily, heat, and electricity in producing ! 
tlie decomposition of water, 75. | 

Tridiametral (piartan curves, F. W. New- | 
man on, 22. 

Tt'imvrvlld^ T. Da^id''On and Prof. AV. | 
King on tlie pMunii DinoholitSy Mono-‘ 
vivrdla, and, lOCt. 

Tristram (the Ke\. Canon) on the geo- 
logy of Moab, 125. ' 

Tumuli, 0. Spence Hate on an explora- 
tion of some, on Dartmoor, 175. ' 

, T. Crogor on, at Ascheraden in , 

Livonia, 178. 

United States, Prof. J. Hull on tlio re- | 
lations of the Middle and Upper ' 
Silurian rocks of the, 105. i 

* Unwin (Cl.) on speeunens agate and j 
other natural colloid silica, 85. 

•Upward (A.) on drilling-apparatus for j 
ga.s- and water-mains, 252. I 

Uranium, salts of, Col. Stuart Wortley , 
on the importance of tlie, in photo- j 
graphy, 45. | 

Vesuvius, G. Gladstone on the dust 
thrown up by, during the late crup- 
tion, 74. 

^ O. vom Rath on a remarkable 

block of lava ejected by, at the great 
eruption April 1872, which proves the 
formation of silicates through subli- 
mation, 120. 

Victoria cave, report on the, explored 
by the Settle-Chive-Exploration Com- 
mittee, by W. Royd Dawkims and 
R. 11. Tiddeman, 178. 

•Villages and country parishes, Prof. 


Hull on a proposal for supplying pure 
water to, in central and eastern divi- 
sions of England, 220. 

VorticellidcPy Prof. Allman on some 
points in the development of, 150. 

Wake (0. 8.) on the origin of serpent- 
woi-ship, 198. 

Walker (^J. F.) on dinitrobrombenzene, 
85. 

Wanklyn (.T. A.) on the continuous pro- 
duction of oxygen, 8.5 ; on some new 
melliods of analyzing the ethers, 85. 

Ward (Dr. T. Ogier) on a phenomenon 
connected with dilfraetion, 45. 

•- on the formation and stratification 

ofsediimmtarv rocks, 125; on slicken- 
sides, or rubbed, polished, or striated 
rocks, 125. 

AVater, deep-sea, W. Lant Carpenter on 
the mode of collection of sample.s of, 
and of their analysis for dis<ohed 
gaseous constituents, employed on 
board H.Af.S. ‘Porcupine’ during the 
s^uiiimms of 18(59 and 1870, 72. 

, Dr. J. H. { lladstone and A. Tribe 

on the mutual helpfulness of chemical 
nlliiiity, lu'at, and electricity in pro- 
ducing tlie deeoinpositioii of, 75. 

, A. APCallum Gordon on the dis- 
tribution of pure, to dwidlings, 24<>. 

^ Prof. Hull on a proposal for sup- 
plying puri‘, to villag(‘S and country 
parishes in central and eastern divi- 
sions of Fngland, 22(5. 

, (\ J. Woodward on a modification 

of 1 lofiiiunn’s apparuliis fur the elec- 

trolvvsis of, 87. 

AVaves, (b \V. Merri field on the mea- 
sure inent of, 247. 

AA^enlden fornmtiou, R. A. 0. Godwin- 
Ansten on the, 01. 

AVeapons, primitive, of ancient India, Sir 
Walter r'dliot on the, 180. 

AVebster (Thomas) on the advancement 
of science due to patented inventions, 
252. 

AVinldp of Ceylon, Prof. Rolloston on 
the, 194. 

AAVldoii (AAb) on the manufacture of 
chlorine by means of manganito of 
mngne.sium, 85. 

Western, (‘xtra-, couimiinities, .7. Kainea 
on western anthropologists and, 189, 

AVlialo, bottle-nose, Prof. Struthera on 
the ociMin’ence of finger-muscles in 
the, 159. 

AAlinles, great fin-, Prof. Struthera on 
the sternum and pelvic bone in the 
right whale, and in, 15G, 
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Whiteaves (J. F.), notes on a deep-sea 
dredging-expedition round the island 
of Anticosti, in the Gulf of Bt. Law- 
rence, 143. 

Williams (John) on the preparation of 
guarani no, 8(1. 

Winter (G. K.) on the use of electro- 
magnotic instead of electrostatic in- 
duction in cable-signalling, 52. 

Wire tramways, C. Hodgson on, 240. 

Wishnioor llottoni, Sandhurst, Lieut. 
Cooper King on the discovery of a 
ilint-implement station at, IIK). 

Women, Miss ShirreiF on the national 
union for improving the education of, 
220 . 

Wood (Dr. T.) on teaching elementary 
chemistry to boys under 14 years of 
age, 87. 

Woodward (C. J.) on a modification of 
Hofmann’s apparatus for electrolysis 
of water, 87. 

Wortley (Colonel Stuart) on the import- 
ance of the salts of uranium in pho- 
tography, 45. 

Wright (Dr. C. E. A.) on new deriva- 


tives from morphine and codeine. 

87 ; ' 

Wylie (A.) on the progress of invention 
in breech-loading small arms during 
the past twenty years, 252. 

Yachts, Capt. M. Hall on the employ- 
ment of, in deop-sea researches, 13(1. 

* Yeddo, A. Mossman on the topography 

of, 211. 

Yorkshire wolds, the Rev. AV'. Green- 
well on the harrows of the, 187. 
Young (Sir G., Hart.) on the question 
“ Is the Asiatic emigration the 
We.st Indies likely to be a permaiuuit 
fact in modem geography P'’ 216. 

Zenger (Prof. Ch. V.) on the velocity of 
light in the chemical elements, and 
on thiur crystalline form, 4(J; on the 
spiral top, 1)2. 

• on the tangential balance and a 

new saccharometer, (53. 

* Rritisli fossil, H. G. Seeley 
on the occurrence of a, at Rartou, 
Ilanta, 122. 
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under tlie direction of the Rev. W. Whewell; — VV. S. Harris, Account of tlie Ihogress and 
State of the Meteorological Observations at Plymouth; — Major E. Sabine, on the Magnetic 
Isoclinal and Isodynamic Lines in the British Islands; — D, Lardner, LL.D.,oii the Determi- 
nation of the Mean Numerical Values of Railway Constants; — R. Mallet, First Report upon 
Experiments upon the Action of Sea and River Water upon Cast and Wrought Iron ; — R, 
Mallet, on the Action of a Heat of 2J2° Fahr., when long continued, on Inorganic and Organic 
Substances. 

Together witli the Transactions of the Sections, Mr. MurcVjison’s Address, and Recommen- 
dations of the Association and its Committees. 
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CoNTKNTS: — Rev. B. Powell, Report on the Present Slate of our Knowledge ot Refractive 
Indices, for the Standard Rays of the Solar Spectrum in ditferent media ; — Report on the Ap- 
plication of the Sum assigned for Tide Calculations to Rev. W. hew ell, in a Letter from T. G. 
Bunt, Esq.; — 11. L. Pattinson, on some Galvanic Experiments to determine the Existence or 
Non-Existence of Electrical Currents among Stratified Rocks, particularly those of the Moun- 
tain Limestone formation, constituting the Lead Measures of Alton Moor; — Sir D. Brewster, 
Reports respecting the two series of Hourly Meteorological Observations kept in Scotland ; — 
Report on the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 18.'18, at Newcastle; — R. Owen, Report on British Fossil Reptiles; — E. 
Forbes, Report on the Distiibution of Pulmoniferoiis Mollusea in the British Isles; — W. S. 
Harris, Third Report on the Piogress of the Houily Meteorological Register at Plymouth 
Doekyard. 

Together with the Transactions of the Sections, Rev. W. Vernon Harcourt’s Addrtss, and 
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PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840, 
Published at 15s. (Out of Print.) 

Contents : — Rev. B. Powell, Report on the recent Progiess of discovery relative to Radiant 
Heat, siippiementary to a former Repoit on the same subject inseiled in the liist volume of the 
Reports ot the Biitisb Association lor the Advuiiienicnt of Mcience, — J. D. Forbes, Supple- 
mentary Report on Meteorology; — \\ . S. Harri.s, Report on Piof. WlicwclPs Anemometer, 
now in operation at Plymoulb ; — Ilepoit on “ '1 be Motion and Sounds of the Heart,” by the 
London Committee of the Briiisb Association, for 18il9-40; — Prof. Stbonbein, an Account of 
Researches in Klectro-Clicmistry ; — R. Mallet, Second Report upon the Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Ir<»n and Steel ; — H, W. Fox, Report on some Observations on Subterranean Tem- 
perature ; — A. F. O.sler, Repoit on the Observation.s recorded during the years 1837, 1838, 1839, 
and 1840, by the Self-registcnng Anemometer erected at the Pliilosopbical Institution, Bir- 
mingham ; — Sir D. Brewster, Heport respecting the two Scries of Hourly Meteorological Ob- 
.servatiuns kept at Inverness and Kingussie, Irom Nov. 1st, 1838 to Nov. 1st, 1839; — 
Thompson, Report on the Fauna of Ireland : Div. rertehruta ; — C. J. B. Williams, M.D., 
Heport of Experiments on the Physiology of the Lungs and Air-Tubes ; — Rev. J. S, Henslowr, 
Report of the Comniitfee on the Preservation of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E. Sabine's 
Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS of the ELEVENTH MEETING, at Plymouth, 
184*1, Published at 135. 6d. 

Contents: — Rev. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the Law s of Conduction of Heat ;—"G. L. Roupell, M.D., Report on Poi.sons;— 
T. (L Bunt, Report on Discussions ot Bristol Tides, under the direction of the Rev, W. Whewell; 
— 1), Ross, Report on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Whewell ; — W. S. Harris, upon the woiking of Whewell’s Anemometer at Plymouth 
during the past year; — Report of a Committee appointed for the purpose of superintend- 
ing the scientific cooperation of the British Association in the System of Simultaneous Obser- 
vations in Terrestrial Magnetism and Meteorology ; — Reports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M Agassiz and Mr. M‘Cord ; — Report of a Com- 
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fnittee to superintend the reduction of Meteorological Observations; — Report of a Com- 
mittee for revising the Nomenclature of the Stars; — Report of a Committee for obtaining In- 
struments and Registers to record Shocks and Earthquakes in Scotland and Ireland ; — Report of 
a Committee on the Preservation of Vegetative Powers in Seeds ; — Dr. Hodgkin, on Inquiries 
into the Races of Man ; — Report of the Committee appointed to report how far the Desiderata 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of such Experi- 
ments, and to draw up Directions for Observers in such circumstances ; — R. Owen, Report 
on British Fossil Reptiles; — Reports on the Determination of the Mean Value of Railway 
Constants -D, Lardner, LL»D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants; — E. Woods, Report on Railway Constants ; — Report of a 
Committee on the Construction of a Constant Indicator for Steam-Engines. 

Together with the Transactions of the Sections, Prof, Whewell's Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWELFTH MEETING, at Manchester, 
lS4f2f Published at 10^. 6d, 

Contents : — Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnetical and Meteorological Observations ; — 
J. Richardson, M.D., Report on the present State of tlie Ichthyology of New Zealand ; — 
W. S. Harris, Report on the Progress of Meteorological Observations at Plymouth ; — Second 
Report of a Committee appointed to make Experiments on the Growth and Vitality of Seeds ; 
— C. Vignoles, Report of the Committee on Railway Sections ; — Report of the Committee 
for the Preservation of Animal and Vegetable Substances ; — Lyon Playfair, M.D., Abstract 
of Prof. Liebig’s Report on Organic Chemistry applied to Physiology and Pathology ; — 
R. Owen, Report on the British Fossil Mammalia, Part I.; — R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants; — L. Agassiz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone ; — W. Fairbairii, Ap- 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Hot 
and Cold Blast ; — D. Milne, Report of the Committee for Registering Shocks of Fiartliquakcs 
in Great Britain; — Report of a Committee on the construction of a Constant Indicator for 
Steam-Engines, and for the determination of the Velocity of the Pi.ston of the Self-acting En- 
gine at different periods of the Stroke ; — J. S, Russell, Report of a Comnnttee on the Form of 
Ships Report of a Committee appointed “to consider of the Rules by which the Nomencla- 
ture of Zoology may be established on a uniform and permanent basis ; ” — Report of a Com- 
mittee on the Vital Statistics of large Towns in Scotland; — Provisional Reports, and Notices 
of Progress in special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Lord Francis Egertou’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the THIRTEENTH MEETING, at Cork, 
ISiS, Published at 12«. 

Contents: — Robert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, Wrought Iron, and 
Steel; — Report of the Committee appointed to conduct the cooperation of the British As- 
sociation in the System of Simultaneous Magnetical and Meteorological Observations ; — Sir 
J. F. W. Herscbel, Bart., Report of the Committee appointed for the Reduction of Meteoro- 
logical Observations; — Report of the Committee appointed for Experiments on Steam- 
Engines ; — Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds ; — J, S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Gotland ; — J. S, Russell, Notice of a Report of the Committee 
on the Form of Ships; — J. Blake, Report on the Physiological Action of Medicines; — Report 
of the Committee on Zoological Nomenclature ; — Report of the Committee for Kegisterihg 
the Shocks of Earthquakes, and making such Meteorological Observations as may appear to 
them desirable ; — Report of the Committee for conducting Experiments with Captive Balloons; 
— Prof. Wheatstone, Appendix to the Report; — Report of the Committee for the Translation 
and Publication of Foreign Scientific Memoirs; — C. W, Peach, on the Habits of the Marine 
Testacea ; — E. Forbes, Report on the Mollusca and Radiata of the iFlgean Sea, and on their 
distribution, considered as bearing on Geology ; ~L. Agassiz, Synoptical Table of British 
Fossil Pishes, arranged in the order of the Geological Formations ; — R. Owen, Report on the 
British Fossil Mammalia, Part IL;— E, W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Coal Measures at Collyhurst; — W. 
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Thompson, Report on the Fauna of Ireland : Div. Invertehrata ; — Provisional Reports, and 
Notices of Progress in Special Researches entrusted to Commiitees and Individuals. 

Together with the Transactions of the Sections, Earl of Rosse’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1844, 
Published at £\. 

Contents: — W. B. Carpenter, on the Microscopic Structure of Shells; — J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca ; — R. Hunt, Researches on the 
Influence of Light on tiie Germination of Seeds and the Growth of Plants; — Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars; — Lt.-Col. Sabine, on the Meteorology of Toronto in Canada ; — J. Blackwall, Report 
on some recent researclies into the Structure, Functions, and Economy of the Jraneidea 
made in Gieat Britain ; — Earl of Rosse, on the Construction of large Reflecting Telescopes ; 
— Rev, W. V, Hareourt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory ; — Report of the Committee for Registering 
Earthquake Shocks in Scotland; — Report of a Committee for Experiments on Steam-Engines; 
— Report of the Committee to investigate the Varieties of the Unman Race ; — Fourth Report 
of a Commiitee appointed to continue their Experiments on the Vitality of Seeds; — VV. Fair- 
bairn, on the Consumption of Fuel and the Prevention of Smoke; — F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ; — Sixth Report of the Committee 
appointed to conduct the Cooperation of the British Association in the System of Simulta- 
neous Magnetical and Meteorological Observations; — Prof. Forchhammer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorpliism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate; — H. E. Strickland, Report on 
the recent Progress and Present State of Ornithology ; — T. Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland ; — Prot. Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Marsupial Representatives of the Order 
Pachydermata ; — W. S. Harris, Report on the working of VVhewell and Osier’s Anemometers 
at Plymouth, for the years 1841, 1842, 1843; — W. R. Birt, Report on Atmospheric Waves; 
— L. Agassiz, Rapport sur les Poissons Fossiles de I’Argile de Londres, with translation; — J. 
S, Russell, Report on Waves ; — Provisional Reports, and Notices of Progress in Special Re- 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely^ Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MEETING, at Cambridge, 

1 845, Published at 1 2#. 

Contents: — Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions; — Lt.-Col. Sabine, on some points in the Meteorology of Bombay ; — J. Blake, Report 
on the Physiological Actions of Medicines ; — Dr. Von Boguslawski, on the Comet of 1843 ; 
— R. Hunt, Report on the Actinograph ; — Prof, Schonbein, on Ozone ; — Prof. Erman, on 
the Influence of Friction upon Thermo-Electricity; — Baron Senftenberg, on the Self- 
Registering Meteorological Instruments employed in the Observatory at Senftenberg;— 
W. R. Birt, Second Report on Atmospheric Waves; — G, R. Porter, on the Progress and Pre- 
sent Extent of Savings' Banks in the United Kingdom ; — Prof. Bunsen and Dr. Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of Smelting 
of Iron ; — Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ; — 
Report of the Committee on the Registration of Periodical Phenomena of Animals and V'ege- 
tables ; — Fifth Report of the Committee on the Vitality of Seeds ; — Appendix, fire. 

Together with the Transactions of the Sections, Sir J, F. W. Herschel's Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SIXTEENTH MEETING, at Southampton, 

1846, Published at 15«. 

Contents: — G. G. Stokes, Report on Recent Researches in Hydrodynamics Sixth 
Report of the Committee on the Vitality of Seeds ; — Dr, Schunck, on the Colouring Matters of 
Madder; — J. Blake, on the Physiological Action of Medicines; — R. Hunt, Report on the Ac- 
tinograpii ; — R. Hunt, Notices on the Influence of Light on the Growth of Plants ;—R. L, 
Ellis, on the Recent Progress of Analysis; — Prof, Forchhammer, on Comparative Analytical 
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Researches on Sea Water ; — A. Erman, on the Calculation of the Gaussian Constants for 
1829; — G, K, Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain ; — W. R. Bin, Third Report on Atmospheric Waves; — 
Prof, Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton - 
J. Phillips, on Anemoinetry; — J. Percy, M.D., Report on the Crystalline Flags; — Addenda 
to Mr. Births Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison's Address, and Be- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford, 

1 847, Published at 1 Ss. 

Contents: — Prof. Langberg, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation which exists between the Development of Heat and tlie 
coincident contraction of Volume in Sulphuric Acid when mixed with Water ; — R. Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants ; — R. Mallet, on 
the Facts of Earthquake Phenomena; — Prof. Nilsson, on the Primitive Inhabitants of Scan- 
dinavia; — W. Hopkins, Report on the Geological Theories of Elevation and Earthquakes; 
-—Dr. W. B. Carpenter, Report on the Microscopic Structure of Shells ; — Rev. W. Wliewell and 
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides; — Dr. Schunck, on Colouring Matters ;■ — Seventh Re- 
port of the Committee on the Vitality of Seeds; — J. Glynn, on the Turbine or Horizontal 
Water-Wheel of France and Germany; — Dr R. G. Latham, on llie pre&ent state and recent 
progress of Ethnographical Philology; — Dr. J. C. Prichard, on the vaiious methods of Reseaicli 
which contribute to the Advancement of Ethnology, and of the relations of that Science to 
other branches of Knowledge; — Dr. C. C. J. Bunsen, on the results of the recent Egyptian 
researches in reference to Asiatic and African Ethnology, .and the Classification of Languages ; 
— Dr, C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant; — -Dr. Max Muller, on tlie Relation of the Bengali to the 
Arian and Aboriginal Languages of India; — W. II. Birt, Fourth Repoit on Atinus})ht'ric 
Waves; — Prof. VV. H. Dove, Temperature Tables, with Intioductory Ilemaiks by Lieut. -(‘ol. 
E. Sabine ; — A. Errnan and H. Petersen, Third Report on the Calculation of the Gaussian Con- 
stants for 1829. 

Together with the Transactions of the Sectioiis, Sir Robert Harry Inglis's Addicss, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea, 

1 848, Published at 9s. 

Contents; — Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors; — 
J. Glynn on Water-pressure Engines ; — R. A. Smith, on the Air and Water of Towns ; — Eighth 
Report of Committee on the Growth and Vitality of Seeds ; — W. R. Birt, Fifth Report on At- 
mospheric Waves ; — E. Schunck, on Colouring Matters; — J. P. Budd, on the advantageous use 
made of the gaseous escape from the Blast Furnaces at the Ystalyfera Iron Works; — R. Hunt, 
Report of progress in the investigation of the Action of Carbonic Acid on the Growth of 
Plants allied to those of the Coal Formations; — Prof. H. W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association for 1847 ; — Remarks by Prof. 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible from them ; with an in- 
troductory Notice by Lt,-Col. E. Sabine; — Dr. Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns; — J. Phillips, Notice of further 
progress in Anemometrical Researches; — Mr. Mallet’s Letter to the Assistant-General Secre- 
tary;— A. Erman, Second Report on the Gaussian Constants ; — Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Mngnetical and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s Address, 
and Recommendations of the Association and its Committees. 

PROCEEDINGS or the NINETEENTH MEETING, at Birmingham, 

1849, Published at 10«. 

Contents Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ; — Earl 
of Rosse, Notice of Nebula lately observed in the Six-feet Reflector; — Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of tho.^e allied to the Fo&sil 
Remains found in the Coal Formation ; — Dr. Andrews, Report on the Heat of Combination ; 
—Report of the Committee on the Registration of the Periodic Phenomena of Plants and 
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Aiiiniuls; — Ninth lleport of Coniinittee on Experiments on the Growth and Vitality of Seeds ; 

■ — F. Honulds, Kcport concerning the Observatory of the British Association at Kew, from 
Aug. 9, 1848 to Sepi. 12, 1849 ; — R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ;—VV, ll. Birt, Report on the Discussion of the Electrical Observations at Kew. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson’s Addiess, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh, 

1850, Published at 15^. (Out of Print.) 

CoNTr.NTs: — R. Mallet, First Report on the Facts of Earthquake Phenomena; — Rev. Prof, 
Powell, on Observations of Luminous Meteors; — Dr. T. Williams, on the Structure and 
History of the British Annelida; — T. C. Hunt, Result.^ of Meteoiological Ob'^ervations taken 
at St. Michael’s from the Ut of January, 1840 to the 31st of December, 1819; — R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds; — Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India; — F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew ; — E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge; — R. MacAndrew, Notes on the Distribution and 
Range in depth of Mollu^ca and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barhary, Malta, and Southern Italy in 1849; — Prof. Allman, on the Present State of 
onr Knowledge ot the Freshwater Polyzoa ; — Registration of the Periodical Phenomena of 
Plants and Animals ; — Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY- FIRST MEETING, at Ipswich, 

1851, Published at 6d, 

Contents: — Rev. Prof. Powell, on Observations of Luminous Meteors; — Eleventh Re- 
port of (’omrnittec on Experiments on the Growth and Vitality of Seeds ; — Dr. J. Drew, on 
the Climate of Southampton ; — Dr. H. A. Smith, on the Air and Water of Towns: Action of 
Porou.s Strata, Water and Organic Matter; — Report of the Committee appointed to consider 
the probable Effects in an Economical and Physical Point ofView of the Destruction of Tro> 
picai Forests; — A. Ilenfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogainous Plants; — Dr. Daubeiiy, on the Nomenclature of Organic Com- 
pounds ; — Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology;— 
Dr. T. Williams, Report on the British Annelida; — R. Mallet, Second Report on the Facts of 
Earthquake Phenomena ; — Letter from Prof. Henry to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States; — Col. Sabine, Report 
on the Kew Magnetographs; — J. Welsh, Report on the Performance of his three Magneto- 
graphs during the Experimental Trial at the Kew Observatory ; — F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kew, from September 12, 1850 to July 31, 
1851 Ordnance Survey of Scotland. 

Together with the Transactions of the Sections, Prof. Airy’s .\ddress, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SECOND MEETING, at Belfast, 
1 85'2, Published at 1 5s. 

Contents : — R. Mallet, Third Report on the Facts of Earthquake Phenomena; — Twelfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ; — Rev. Prof, 
Powell, Repoit on Observations of Luminous Meteors, 1851-52; — Dr. Gladstone, on the In- 
fluence of the Solar Radunions on the Vital Powers of Plants; — A Manual of Ethnological 
Inquiry ; — Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta- 
tions under the Bengal Presidency ; — Prof. J, D. Forbes, on Experiments on the Laws of the 
Conduction of Heat; — R. Hunt, on the Chemical Action of the Solar Radiations ; — Dr. Hodges, 
on the Cotnposition and Efonoiny of the Flax Plant; — W. Thompson, on the Freshwater 
Fishes of Ulster; — W. Thompson, Supplementary Report on the Fauna of Ireland; — W, Wills, 
on the Meteorology of Birmingham; — J. Thomson, on the Vortex-Water- Wheel ; — J. B. Lawes 
and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS of the TWENTY-THIRD MEETING, at HuH, 
1853, Published at 10s. 6d, 

Contents: — R ev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 
-—Jumes Oldhanii on the Physical Features of the Humber; — James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull; — William Fairbairn, Experi- 
mental Researches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion; — J, J. Sylvester, Provisional Report on the Theory of Determinants; — 
Professor Hodges, M.D., Report on the Gases evolved in Steeping Flax, and on the Composition 
and Economy of the Flax Plant; — Thirteenth Report of Committee on Experiments on the 
Growth and Vitality of Seeds ; — Robert Hunt, on the Chemical Action of the Solar Radiations; 
— John P. Beil, M.D., Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; First Report of Committee on the Physical Character of the Moor/a Sur- 
face, a« compared with that of the Earth ; — R. Mallet, Provisional Report on Earthquake 
Wave-Transits; and on Seismometrical Instruments; — William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration; — Robert Mallet, Third Report on the Facts of Earth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver- 
pool, 1 854, Published at 1 Us. 

Contents: — R. Mallet, Third Report on the Facts of Earthquake Phenomena (continued) ; 
—Major-General Chesney, on the Construction and General Use of Efficient Life-Boats; — Rev. 
Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat ; — Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories; — 
Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings respecting 
Seismometers ; — Dr. Gladstone, on the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2; — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54 ; 
—Second Report of the Committee on the Physical Character of the Moon’s Surface ; — W'. G. 
Armstrong, on the Application of Water- Pressure Machinery ; — J. B. Lawes and Dr. Gilbert, 
on the Equivalency of Starch and Sugar in Food ; — Archibald Smith, on the Deviations of the 
Compass in Wooden and Iron Ships ; — Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrowby’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 15s. 

Contents : — T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Storms; — Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under different Atmospheric Conditions, Part 3; — C. Spence Bate, on the 
British Edriophthalma ; — J. F. Bateman, on the present state of our knowledge on the Supply 
of Water to Towns; — Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ; — Rev. Prof. Pow ell, Report on Observations of Luminous Meteors, 1854-55 ; 
—Report of Committee appointed to inquire into the best means of ascertaining those pro- 
perties of Metals and eflTects of various modes of treating them which are of importance to the 
durability and eflSciency of Artillery; — Rev. Prof. Henslow, Report on Typical Objects in 
Natural History; — A. Follett Osier, Account of the Self-Registering Anemometer and Rain- 
Gauge at the Liverpool Observatory ; — Provisional Reports, 

Together with the Transactions of the Sections, the Duke of Argyll’s Address, and Recom* 
nendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel- 
tenham, 1856, Pvhlished at 185. 

Contents : — Report from the Committee appointed to investigate and report upon the 
effects produced upon the Channels of the Mersey by the alterations which within the last 
fitly years have been made in it.s Banks; — J. Thomson, Interim Report on progress in Re- 
searches on the Measurement of Water by Weir Boards;— Dredging Report, Frith of Clyde, 
18oU;— Rev. B. Powell, Report on Observations of Luminous Meteors, 1855—1856 ; — Prof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches ; — Rev. James Booth, on the Trigo- 
nometry of the Parabola, and the Geometrical Origin of Logarithms ; — R. MacAndrew, Report 
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on the Marine Testaceous MoUusca of the North-east Atlantic and Neighbouring Seas, and 
the physical conditions afTecliiig their development; — P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of North America;— 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores; 
—Prof, Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena: Part I.; — Dr. T. Wright on the Stratigraphical Distribution of 
the Oolitic Echinodermata ; — W. Fairbairn, on the Tensile Strength of Wrought Iron at various 
Temperatures ; — C. Atherton, on Mercantile Steam Transport Economy ; — J. S. Bowerbank,on 
the Vital Powers of the Spongiadae; — Report of a Committee upon the Experiments conducted 
at Stormont field, near Perth, for the artificial propagation of Salmon ; — Provisional Report on 
the Measurement of Ships for Tonnage ; — On Typical Forms of Minerals, Plants and Animals 
for Museums; — J. Thomson, Interim Report on Progress in Researches on the Measure- 
ment of Water by Weir Boards; — R. Mallet, on Observations with the Seismometer A. 
Cayley, on the Progress of Theoretical Dynamics ; — Report of a Committee appointed to con- 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny's Address, and Recom- 
mendations of the Association and its Committees* 


PROCEEDINGS of the TWENTY-SEVENTII MEETING, at 
Dublin, 1857, Published at 15^. 


Contents: — A. Cayley, Report on the Recent Progress of Theoretical Dynamics; — Six- 
teenth and final Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— James Oldham, C.K., continuation of Report on Steam Navigation at Hull; — Report of a 
Committee on the Delects of the present methods of Measuring and Registering the Tonnage 
of Shipping, as also of Marine Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform principle may be adopted to estimate the Actual Carrying Capabilities 
and Working-Power of Steam Ships; — Robert Were Fox, Report on the Temperature of 
some Deep Mines in Cornwall; — Dr. G. Piarr, De quelques Transformations de la Somme 

-CL + + + i ^ . 

Sf — ® entier negatif, ct de quelques cas dans lesquels cette somme 

0 Jf T* yf I * C* ' 


e&t cxprimable par une combinaison de factorielles, la notation + l designant le produit des 
t facteurs a (a + 1) — 1 ); — G Dickie, M.D., Report on the Marine Zoology 

of Strangford Lough, County Down, and corresponding part of the Irish Channel; — Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans- 
port *Economy is affected by the Constructive Type of Shipping, as respects the Proportions of 
Length, Breadth, and Depth ; — J, S. Bowerbank, Further Report on the Vitality of the Spon- 
giadae ; — John P. Hodges, M.D., on Flax; — M.ajor-Gencral Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain; — Rev. Baden Powell, Report on Observations of 
Luminous Meteors, 1856-57 ; — C. Vignoles, C.E., on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trains; — Professor W, A. Miller, M.D., on Electro-Chemistry; 
— John Simpson, R.N., Results of Thermometrical Observations made at the ‘Plover's* 
Wintering-place, Point Barrow, latitude 71° 21' N., long. 156° 17' W., in 1852-54 ; — Charles 
James Hargreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions; — Thomas Grubb, Report on the Improvement of Telescope and Equatorial 
Mountings; — Professor James Buckman, Report on the Experimental Plots in the Botanical 
Garden of the Royal Agricultural College at Cirencester ; — William Fairbairn on tlie Resistance 
of Tubes to Collapse ; — George C. H) ndniari. Report of the Proceedings of the Belfast Dredging 
Committee ; — Peter W, Barlow*, on the Mechanical Effect of combining Girders and Suspen- 
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal deflections with a given load ; — J. Paik Harrison, M.A,, Evidences of Lunar 
Influence on Temperature; — Report on the Animal and Vegetable Products imported into 
Liverpool from the year 1851 to 1855 (inclusive) ; — Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lloyd’s Address, and Recommen- 
dations of the Association and its Committees, 


PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20^, 

Contents: — R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe- 
nomena ;— Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58; — R. IL 
Meade, on some Points in the Anatomy of the Araneidea or true Spiders, especially on the 
internal structure of their Spinning Organs; — W. Fairbairn, Report of the Committee on the 
Patent Laws; — S. Eddy, on the )..ead Mining Districts of Yorkshire ; — W. Fairbairn, on the 
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Collapse of Glass Globes and Cylinders; — Dr. K. Perceval Wright and Prof. J. Keay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland ; — Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards; — Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain ; — Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ; — Report of the Committee on Slnp- 
ping Statistics; — Rev. H. Lloyd, D.D., Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results; — Prof. J. R. Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58; — Prof. .1. R. Kinahan, Report on Crustacea of Dub- 
lin District; — Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the present means of Shallow-Water Navigation 
on the Rivers of British India; — George C. llyndrnan. Report of the Belfast Dredging Cotn- 
mittee;— Appendix to Mr. Vignoles’s paper “On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trains;” — Report of the Joint Committee of the Royal Society and 
the British Association, for procuring a continuance of the Magnetic and Meteorological Ob- 
servatories; — R. Beckley, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen's Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15^. 

Contents George C. Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry ; — Professor Buckman, Report on the Growth of Plants in the 
Garden of the Royal Agricultural College, Cirencester; — Dr, A. Voelcker, Report on Field 
Experiments and Laboratory Researches on the Constituents of Manures essential to cultivated 
Crops ;— A, Thomson, Esq., of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
— On the Upper Silurians of Lesmahago, Lanarkshire ; — Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Cbemical Examination of Rocks and Minerals ; — William 
Fairbairn, Experiments to determine the Efliciency of Continuous aitd Self-acting Breaks, for 
Railway Trains; — Professor J. R. Kinahan, Report of Dublin Bay Dredging Committee for 
1858-59; — Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-59 ; 
— Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq., late Re- 
sident in Nepal, &c. &c. ; — Messrs. Maskelyne, Hadow, Hardwich, and Llewelyn, Report on 
the Present State of our Knowledge regarding the Photographic Image; — G. C. llyndrnan, 
Report of the Belfast Dredging Committee for 1859 ; — James Oldham, Continuation of Report 
of the Progress of Steam Navigation at Hull; — Cliarles Atherton, Mercantile Steam Trans- 
port Economy as affected by the Consumption of Coals; — Warren de la Rue, Report on the 
present state of Celestial Photography'in England ; — Professor Owen, on the Orders of Fossil 
and Recent Reptilia, and their Distribution in Time ; — Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsh, Esq,, F.R.S.;— W. Fairbairn, The Patent Laws : 
Report of Committee on the Patent Laws; — J. Park Harrison, Lunar Influence on the Tem- 
perature of the Air; — Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Ob.servatory of the British Association ; — 
ProL H. J. Stephen Smith, Report on the Theory of Numbers, Part L; — Report of the 
Committee on Steamship performance; — Report of the Proceedings of the Balloon Committee 
of the British Association appointed at tlie Meeting at Leeds ; — Prof. William K. Sullivan, 
Preliminary Report on the Solubility of Salts at Temperatures above 100^ Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the THIRTIETH MEETING, at Oxford, June 
and July 1860, Published at 155. 

Contents; — James Glaisher, Report on Observations of Luminous Meteors, 1859-60; — 
J, R. Kinahan, Report of Dublin Bay Dredging Committee ; — Rev. J. Anderson, Report on 
the Excavations in Dura Den ; — Professor Buckman, Report on the Experimental Plots in the 
Botanical Garden of the Royal Agricultural College, Cirencester ; — Rev, R. Walker, Report of 
the Committee on Balloon Ascents; — Prof. W, Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Poi table Apparatus for ob- 
seiving Atmospheric Electricity ; — William Fairbairn, Experiments to determine the Effect of 
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Vibratory Action and long-continued Changes of Load upon Wrought-iron Girders; — R. P. 
Greg, Catalogue of Meteorites and Fireballs, from a.d, 2 to a.d. 1860 ; — Prof. H. J. S. Smith, 
Report on the Theory of Numbers, Part II.; — Vice-Admiral Moorsom, on the Performance of 
Steam-vessels, the Functions of the Screw, and the Relations of its Diameter and Pilch to the 
Form of the Vessel;— Rev. W, V. Harcourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ; — Second Report of the Committee on Steamship Per- 
formance ; — Interim Report on the Gauging of Water by Triangular Notches ; — List of the 
British Marine Invertebrate Fauna, 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TIIIRTY-FIRS T MEETING, at Manches- 
ter, September 1861, Published at £1. 

Contents: — James Glaislicr, Report on Observations of Luminous Meteors; — Dr. E. 
South, Report on the Action of Prison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I.; — Charles Atherton, on Freight as affected by Differences in the Dynamic 
Properties of Steamships ; — Warren De la Rue, Report on the Progress of Celestial Photo- 
graphy since the Aberdeen Meeting; — H. Stev\art, on the Theory of Exchanges, and its re- 
cent extension; — Drs. E. Schunck, R. Angus Smith, and H. E. Koscoe, on the Recent Pro- 
gress and Present Condition of Manufacturing Chemistry in the South Lancashire District; — 
Dr. J. Hunt, on Ethno-Cliniatology ; or, the Acclimatization of Man ; — Prof. J.Thoin''On, on 
Experinients on the Gaug'ng of Water by Triangular Notches; — Dr. A. Voelcker, Report on 
Field Experiments and Laboratory Researches on the Constituents of Manures essential to 
cultivated Crops ; — Prof. H. Hennessy, Provisional Report on the Present State of our Know- 
ledge respecting tlie Transmission of Sotind-signals during Fogs at Sea; — Dr. P. L. Sclater 
and F. von llochstetter, Report on the Present State of our Knowledge of the Birds of the 
Genus Apteryx living in New Zealand; — J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notice of several Species of Mollusca new to Science or to the 
British Isles; — Prof. J. Phillips, Contrihutions to a Report on the Physical Aspect of the 
Moon; — W. R. Birt, Contribution to a Report on the Physical Aspect of the Moon; — Dr. 
CoUingwood and Mr. Byerley, Prelituinary Report of the Dredging Coimuiltce of the Mersey 
and Dee; — Third Report of the Committee on Steamship Perfoimance ; — J, G. Jeffieys, 
Preliminary Report on the Best Mode of preventing the Ravages of Teredo other Animals 
in our Ships and Harbours; — R. Mullet, Report on the Expeiiments made at Holyhead to 
ascertain the Transit-Velocity of Waves, analogous to Earthquake Waves, thiough the local 
Rock Forniatiotis ; — T, Dobson, on the Explosions in I>iitii.h Coal-Mines during the year 1859; 
— J. Oldham, Continuation of Report on Steam Navigation at Hull; — Professor G. Dickie, 
Brief Summary of a Report on the Flora of the North of Ireland ; — Professor Owen, on the 
Psychical and Physical Characters of tlie Mincopies, or Natives of the Andaman Islands, and 
on the Relations thereby indicated to other Races of Mankind ; — Colonel Sykes, Report of the 
Balloon Committee ; — Major-General Sabine, Report on the Repetition of the Magnetic Sur- 
vey of England ; — Interim Report of the Committee for Dredging on the North and East 
Coasts of Scotland ; — W. Fait bairn, on the Resistance of Iron Plates to Statical Picssure and 
the Force of Impact by Projectiles at High Velocities; — W. Faiibairn, Continuation of Report 
to determine (he effect of Vibratory Action and long-continued Changes of Load upon 
Wroughl-Iron Girders; — Report of the Committee on the Law of Patents; — Prof. H. J. S. 
Smith, Report on the Theory of Numbers, Part HI. 

Together with the Transactions of the Section.s, Mr. Faiibairn’s Address, and Recommen- 
dations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published at £1. 

Contents : — James Glaisber, Report on Observations of Luminous Meteors, 1861-62 ; — 
G. B. Airy, on tlie Strains in the Interior of Beams ; — Archibald Smith and F. J. Evans, 
Report on tlic three Reports of the Liverpool Compass Committee ; — Report on Tidal Ob- 
servations on the Humber ; — T. Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armour-plate Defences ; — Extracts, relating to the Observatory at Kew, from a Report 
presented to the Portuguese Government, by Dr. J. A. dc Souza; — 11, T. Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank; — Dr. Cuthbert ColUng- 
wood, Report upon the best means of advancing Science through the agency of the Mercan- 
tile Marine; — Messrs, Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ; — Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Composition of the Granites of Do- 
1872, 20 
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negal ; — Prof. H. Hennessy, on the Vertical Movements of the Atmosphere considered in 
connexion with Storms and Changes of Weather; — Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations j — Fleeming 
Jenkin, on Thermo-electric Currents in Circuits of one Metal ; — W, Fairhairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities; — A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ; — Prof. G. G, Stokes, Report 
on Double Refraction ; — Fourth Report of the Committee on Steamship Performance ; — 
G. J. Symons, on the Fall of Rain in the British Isles in 1860 and 1861 ; — J. Ball, on Ther- 
mometric Observations in the Alps ; — J. G. Jeffreys, Report of the Committee for Dredging 
on the N.and E. Coasts of Scotland ; — Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ; — James Glaisher, Account of Eight Balloon Ascents in 1862 ; — 
Prof. H. J. S. Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September 186S, Published at J01 5s, 

Contents : — Report of the Committee on the Application of Gun-cotton to Warlike Pur- 
poses; — A, Matthiessen, Report on the Chemical Nature of Alloys; — Report of the Com- 
mittee on the Chemical and Mineralogical Constitution of the Granites of Donegal, and of 
the Rocks associated with them; — J. G. Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Dredge; — G. D. Gibb, Report on the 
Physiological Effects of the Bromide of Ammonium ; — C. K. Aken, on the Transmutation of 
Spectral Rays, Part I.: — Dr. Robinson, Report of the Committee on Fog Signals; — Report 
of the Committee on Standards of Electrical Resistance ; — E. Smith, Abstract of Report by 
the Indian Government on the Foods used by the Free and Jail Populations in India ; — A. 
Gages, Synthetical Researches on the Formation of Minerals, &c. ; — R. Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of Saturation, and Velocity of the issuing Gases and Vapours ; — Report 
of the Committee on Observations of Luminous Meteors ; — fifth Report of the Committee 
on Steamship Performance ; — G. J. Allman, Report on the Present State of our Knowledge 
of the Reproductive Sjstem in the Hydroida; — J. Glaisher, Account of Five Balloon Ascents 
made in 1863; — P. P. Carpenter, Supplementary Report on tlie Present State of our Know- 
ledge with regard to the Mollusca of the West Coast of North America; — Professor Airy, 
Report on Steam-boiler Ex/dosions; — C. W. Siemens, Observations on the Electrical Resist- 
ance and Electrification of some Insulating Materials under Pressures up to 300 Atmo- 
spheres; — C. M. Palmer, on the Construction of Iron Sliijis and the Progress of Iren Ship- 
building on the Tyne, Wear, and Tees; — Messrs. Richardson, Stevenson, and Claphani, on 
the Chemical Manufactures of the Nortlicrn Districts; — Messrs. Sopwith and Richardson, 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c. Messrs. Daglish and 
Forster, on the Magnesian Limestone of Durham -I. L. Bell, on the Manufacture of Iron 
in connexion with the Northumberland and Durham Coal-field ; — T. Spencer, on the Manu- 
facture of Steel in the Northern District; — H. J. S. Smith, Report on the Theory of Num- 
bers, Part V. 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-FOURTH MEETING, at Bath, 
September 1864. Published at 185. 

Contents: — Report of the Committee for Observations of Luminous Meteors ; — Report 
of the Committee on the best means of providing for a Uniformity of Weights and Mea- 
sures; — T. S. Cobbold, Report of Experiments respecting the Development and Migration 
of the Entozoa; — B. W. Richardson, Report on the Physiological Action of Nitrite of Amyl; 
— J. Oldham, Report of the Committee on Tidal Observations ; — G. S. Brady, Report on 
deep-sea Dredging on the Coasts of Northumberland and Durham in 1864; — J. Glaisher, 
Account of Nine Balloon Ascents made in 1863 and 1864; — J. G. Jeffreys, Further Report 
on Shetland Dredgings; — Report of the Committee on the Distribution of the Organic 
Remains of the North Staffordshire Coal-field ; — Report of the Committee on Standards of 
Electrical Resistance; — G. J. Symons, on the Fall of Rain in the British Isles in 1862 and 
1863 ; — W, Fairhairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles LyelPs Address, and Recom- 
mendations of the Association and its Committees. 
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PROCEEDINGS of the TIIIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at f 1 5s. 

Contents ; — J. G. Jeffreys, Report on Dredging among the Channel Isles; — F. Buckland, 
Report on the Cultivation of Oysters by Natural and Artificial Methods ; — Report of the 
Committee for exploring Kent’s Cavern ; — Report of the Committee on Zoological Nomen- 
clature; — Report on the Distribution of the Organic Remains of the North Staffordshire 
Coal-field; — Report on the Marine Kauna and Flora of the South Coast of Devon and Corn- 
wall ; — Interim Report on the Resistance of Water to Floating and Immersed Bodies ; — Re- 
port on Observations of Luminous Meteors ; — Report on Dredging on the Coast of Aberdeen- 
shire; -J. Glaisher, Account of Three balloon Ascents ; — Interim Report on the Transmis- 
sion of Sound under Water; — G. J. Symons, on the Rainfall of the British Isles; — W. Fair- 
bairn, on the Strength of Materials considered in relation to the Construction of Iron Ships; 
— Report of the Gun-Cotton Committee; — A. F. Osier, on the Horary and Diurnal Variations 
in the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmingham ; — B. W. 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds ; 
—Report on further Researches in the Lingnla-flags of South Wales ; — Report of the Lunar 
Committee for Mapping the Surface of the Moon ; — Report on Standards of Electrical Re- 
sistance; — Report of the Committee appointed to communicate \^ith the Russian Govern- 
ment respecting Magnetical Observations atTiflis ; — Appendix to Report on the Distribution 
of the Vertebrate Remains from the North Staffordsiiire Coal-field; — 11. Woodward, First 
Report on the Structure and Classification of the Fossil Crustacea ; — II. J. S. Smith, Report 
on the Theory of Numbers, Part VL ; — Report on the best means of providing for a Unifor- 
mity of Weights and Measures, ^^ith reference to the interests of Science; — A. G. Findlay, 
on the Bed of the Ocean ; — Professor A. W. Williamson, on the Composition of Gases 
evolved by the Hath Spring called King’s Bath. 

Togetiier with the Transactions of the Sections, Professor Phillips's Address, and Recom- 
mendations of the Association and its Committees. 


PBOCEEDINGS of the TITIETY-SIXTJI MEETING, at Notting- 
ham, Auguyt 1800, Published at 1^. 

Contents: — Second Report on Kent’s Cavern, Devonshire; — A. Matthiessen, Preliminary 
Report on the Chemical Nature of Cast Iron ; — Report on Observations of Luminous Meteors ; 
— W. S. Mitchell, Report on the Alum Bay Leaf- bed ; — Report on the Resistance of Water 
to Floating and Immersed Bodies; — Dr. Norris, Report on Aluscular Irritability; — Dr. 
Richardson, Report ou the Physiological Action of certain compounds of Amyl and Ethyl ; — 
IL M'oodward, Secoiul Report on the Structure and Classification of the Fossil Crustacea ; — 
Second Report on the “ Mcneviau Group," and the other Formations at St. David’s, Pem- 
brokeshire; — J.Ci. Jeffreys, Report on Dredging among the Hebrides; — Rev. A. M. Norman, 
Report on the Coasts of tbe Hebrides, Part 11. ; — J. Alder, Notices of some Invertebrata, in 
connexion with Mr. Jeffreys’s Report; — G. S. Brady, Report on the Ostracoda dredged 
amongst the Hebrides; — Report on Dredging in the Moray Firth; — Repoiton the Transmis- 
sion of Sound-Signals under Water; — Report of the Lunar Committee ; — Report of the 
Rainfall Committee; — Report on the liest means of providing for a Uniformity of Weights 
and Measures, with reference to the Interests of Science ; — J. Glaisher, Account of Three Bal- 
loon Ascents ; — Report on the Extinct Birds of the Mascarene Islands Report on the pene- 
tration of Iron-clad Ships by Stool Shot; — J. A. Wanklyn, Report on Isomerism among the 
Alcohols ;— Report on Scientific Evidence in Courts of Law; — A. L. Adams, Second Report 
on Maltese Fossil iferous Caves, &c. 

Together with thcTiansaetious of the Sections, Mr. Grove’s Address, and Recommendations 
of the Association and its Committees. 


PKOCEEDINGS of the TlllETY-SEVENTH MEETING, at 
Dundee, September 1867, Published at Gs. 

Contents:— Report of the Committee for Mapping the Surface of the Moon; — Third 
Report on Kent’s Cavern, Devonshire; — On the present State of the Manufacture of Iron 
in Great Britain ; — Third Report on the Stnictuie and Classification of the Fossil Crustacea; 

Report on the Physiological Action of the Methyl Compounds; — Preliminary Report on 

tbe Exploration of the Plant-Beds of North Greenland; — Report of the Steamship Perform- 
ance Committee; — On the Meteorology of Port I.ouis in the Island of Mauritius; — On the 
Construction and Works of the Highland Railway ;— Experimental Researches on the Me- 
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chanical Properties of Steel ; — Report on the Marine Fauna and Flora of the South Coast of 
Devon and Cornwall ; — Supplement to a Report on the Extinct Didine Birds of the Masca- 
rene Islands Report on Observations of Luminous Meteors Fourth Report on Dredging 
among the Shetland Rles ; — Preliminary Report on the Crustacea, &c., procured by the 
Shetland Dredging Committee in 1867 ; — Report on the Forarainifera obtained in the Shet- 
land Seas; — Second Report of the Rainfall Committee; — Report on the best means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests of 
Science ;~Report on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees. 


PEOCEEDINOS OF THE THIETY-EIGIITH MEETING, at Nor- 
wicli, August 1808, JPuhllshed at £1 5^. 

Contents : — Report of the Lunar Committee; — Fourth Report on Kent’s Cavern, Devon- 
shire ; — On Puddling Iron; — Fourth Report on the Structure and Classification of the 
Fossil Crustacea ; — Report on British Fossil Corals; — Report on Spectroscopic Investigations 
of Animal Substances Report of Steamship Performance Committee ; — Spectrum Analysis 
of the Heavenly Bodies; — On Stellar Spectrometry ; — Report on the Physiological Action of 
the Methyl and allied Compounds Report on the Action of Mercury on the Biliary 
Secretion ; — Last Report on Dredging among the Shetland Isles; —Reports on the Crustacea, 
&c., and on the Annelida and Foraniinifera from the Shetland Dredgings Report on the 
Chemical Nature of Cast Iron, Part I.; — Interim Report on the Safety of Merchant Ships 
and their Passengers ; — Report on Observations of Luminous Meteors ; — Preliminary Report 
on Mineral Veins containing Organic Remains ; -Report on tlie desirability of Explorations 
between India and China; — Report of Rainfall Committee; — Keport on Synthetical Re- 
searches on Organic Acids ; — Report on Uniformity of Weights and Measures ; —Report of the 
Committee on Tidal Observations;— Report of the Committee on Underground Temperature; 
— Changes of the Moon’s Surface ; — Report on Polyatomic Cyanides. 

Together with the Transactions of the Sections, Dr. Hooker’s Address, and Recommenda- 
tions of the Association and its Committees. 


PROCEEDINGS of the THIRTY-NINTH I^IEETING, at Exetor, Au- 
gust 1809, Published at XI 2s, 

Contents Report on the Plant-beds of North Greenland ; — Report on the existing 
knowledge on the Stability, Propulsion, and Sea-going Qualities of Ships Report on 
Steam-boiler Explosions; — Preliminary Report on the Determination of the Gases existing 
in Solution in Well-waters; — The Pressure of Taxation on Real Property; — On the Che- 
mical Reactions of Light discovered by Prof. Tyndall; — On Fossils obtained at Kdtorkan 
Quarry, CO. Kilkenny; — Report of the Lunar Committee; — Report on the Chemical Na- 
ture of Cast Iron ; — Report on the Marine Fauna and Flora of the south coast of Devon 
and Cornwall; — Report on the Practicability of establishing “ a Close Time” for the Protec- 
tion of Indigenous Animals ; — Experimental Researches on the Mechanical Properties of 
Steel; — Second Report on British Fossil Corals; — Report of the Committee appointed to 
get cut and prepared Sections of Mountain-limestone Corals for Photographing; — Report on 
the rate of Increase of Underground Temperature; — Fifth Kepoit on Kent’s Cavern, De- 
vonshire ; — Report on the Connexion between Chemical Constitution and Physiological 
Action; — On Emission, Absorption, and Reflection of Obscure Heat; — Report on Obser- 
vations of Luminous Meteors ; — Report on Uniformity of Weights and Measures ; — Report on 
the Treatment and Utilization of Sewage ; — Supplement to Second Report of the Steam- 
ship-Performance Committee ; — Report on Recent Progress in Elliptic and Hyperelliptic 
Functions ; — Report on Mineral Veins in Carboniferous Limestone and their Organic Con- 
tents; — Notes on the Foraminifera of Mineral Veins and the Adjacent Strata; — Report of 
the Rainfall Committee ; — Interim Report on the Laws of the Flow and Action of Water 
containing Solid Matter in Suspension; — Interim Report on Agricultural Machinery; — 
Report on the Physiological Action of Methyl and Allied Series On the Influence of 
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289 


PROCEEDINGS of xnK FORTIETH MEETING, at Liverpool, Septem- 
ber 1870, Published at I 85 . 

Contents Report on Steam-boiler Explosions ; — Report of the Committee on the 
Haematite Iron-ores of Great Britain and Ireland ; -Report on the Sedimentary Deposits of 
the River Onny; — Report on the Chemical Nature of Cast Iron; — Report on the practica- 
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1805. *Avery, Thomas. Church-road, Edgbaston, Birmingham. 

1805. *Avery, William Henry. Norfolk-road, Edgbaston, Birmingham. 
1807. JAvison. Thomas, F.S.A. Fulwood Park, Liverpool. 

1853. * Ayrton, W. S., F.S.A. Cliflden, Saltburn-by-the-Sea. 

Babbage, B. Herschel. 1 Dorset-street, Mnnehester-square, London, 

^V^. 

*BABiNaTON, CiiABLES Caudale, ]\r.A.,F.R.S., F.L.S., F.G.S., Pro- 
fessor of Botany in the University of Cambridge. 5 Brookside, 
Cambridge. 

Bache, Rev. Samuel. 44 Frederick-street, Edgbaston, Birming- 
ham. 

1807. *Bagg, Stanley Clark. Fairmount Villa, Montreal, Canada. 

Backhouse, fidnuiiid. Darlington. 

1803. JBackliouse, T. W. West llendi)n House, Sunderland. 

Backhouse, Thomas James. Sunderland. 

1870. §Bailey, Dr. F. J. 51 Grove-street, Livenmol. 

18(J5. JBailey, Samuel, F.G.S. The Peck, Walsall. 

1855. t Bailey, William. Ilorseley Fields Chemical Works, Wolverhampton . 
1800, IBaillon, Andrew. St. Mary’s Gate, Xottingham. 

1800. fBaillon, L. St. Mary’s Gate, Nottiiiglunn. 

1857. IBaily, William TIellieu, F.L.S., F.G.S., Acting Paljcontologist to 

the Geological Survey of Ireland. 141 lume-street ; and Apsley 
Lodge, 02 Rathgar-road, Dublin. 

*Bain, Richard. Manor Hall, Forest Hill, Imndon, S.E. 

1805. JBain, Rev. W. J. Wellingborough. 

*Bainbridgo, Robert Walton. Middleton House, ^Middleton-in-Tees- 
dale, by Darlington. 

•Baines, Edwabd, M.l*. Belgrave-mansions, Grosvenor-gardens, 
London, S.W. ; and St. Aim’s-liill, Burley, Leeds. 

1858. JBaines, Frederick. Burley, near Leeds. 

1805. §Bainks, Thomas, F.R.fl.S. 35 Aus ton-street, King’s Lynn, 
Norfolk. 

1858. f Baines, T. Blackbuni. ^Mercury’ Office, Leeds. 

1800. § Baker, Francis B. Arboretum-street, Nottingham. 

1858. *Baker, Henry Granville. Bellevue, llor.sforth, near I.eeds, 

1005. f Baker, James P. Wolverhampton. 

1801. •Baker, John. Gatley-hill, Chendle, Clieshire. 

1805. JBaker, Robert L. liarhain House, Leamington. 

1849. •Baker, William. 03 Gloucester-plnce, Ilydo Park, London, W, 
1803. §Baker, William, C Taptonville, Sheffield. 

1800. §Baldiug, James, M.R.C.S, Barkway, Royston, Hertfordshire. 

1851, *JSaIdtvin, The JZoti, ^iohert, Spadimiy Co, Yot'ky Uj^per Canada^ 
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1871. tBalfouv, Francis Maitland. Trinity College, Cambridge. 

1871. iBidfour, (1. W, Whiitingliame, Prestonkirk, Scotland. 

*Balfouii, John Hutton, M.IX, M.A., F.ll.S. L. & E.,F.L.S., Pro- 
fessor of Botany in the University of Edinburgh. 27 Inverleith- 
row, Edinburgh. 

* Ball, John, F.ll.S., F.L.S., M.ll.I.A. 21 St. Oeorge’s-road, Ecclcs- 
ton-square, Loudon, S.W. 

1800. *Ball, Roijkut Stawi •:ll, ^l.A., Professor of Applied Mathematics 
and ^Mechaiiies in tlie lioyal College of Sci^mce of Ireland. 
47 Wollington-place, I'pper Lceson-strcct, Dublin. 

1800. {Ball, Thomas. Braincote, Aottin^ham. 

*B.ill, William. Bruce-gi-ove, 'J'ottonhani, liOndon, N. ; and Glen 
Roth ay, n(*ar Amblesido, \W>iinorelantI. 

1870. {Balmain, William 11., F.C.S. Siuing Cottage, Great St. Helens, 
Lancashire. 

18(J0. fBamber, Henry K.,F.C.S. 5 Weatiniubter-chainbers, Victoria-street, 
Westminster, S.W. 

1852. f Bangor, Viscotiiit. Casth'wartl, Co. Down, IroLiiid. 

1801. {Bannerman, .James Alexander. liimefield House, Higher Broughton 

near Manclie.stei*. 

1870. fBANTS'iKU, Rev. Willi VM, B.A. St. .James's Mount, IJverpool. 
18(»0, { Barber, John. Long- row, Nottingham. 

18()1, * Barbour, George. Kiiigslee, Farmlon, (’hester, 

18»j*), {Barbour, (i(*orgo F. 11 George S(iuare, IMinburgli. 

^Barbour, Robert. Bolesworth Castle, Tuttenhall, Chester. 

1855. } Barclay, Audi’ew. Kilmariioek, Scotland. 

Barclay, Charles, F.S..\., M.R.A.S. Biirv-hill. Dorking. 

1871. {; Barclay, George. 17 (’oates-crescent, Edinburgh. 

Barclay, .Tames. Catrims .\yrshire. 

1852. •Barclay, J. Gurney. 54 liombard-street, London, E.C. 

18(50. * Barclay, Rob(Tt. Oak Hall, Wanstend, Essex. 

1808. •Barclay, W. L. 51 Lombard-street, London, E.CC 
1803. *Barford, .lames Cinle, F.C.S. Wellington College, Wokingham, 
Berkshire. 

1800. *Barker, Rev. Arthur .\lcock, B.D. East Biidgeford Rectory, 

Notts. 

1857. tBarker, John, M.D., Curator of the Royal College of Surgeons of 
Ireland. Water loo-road, Dublin. 

1805. {^Barker, Stephen. 30 Frederick-street, Edgbaston, Birmingham. 

1870. JJUiiKLY, Sir Henky, K.C.B., F.ll.S. Bath. 

Barlow, Lieut.-Col. Maurice (14th llegt. of Fool). 5 Great George- 
atreot, Dublin, 

Barlow, Peter. 5 Great Georgo-street, Dublin. 

1857. JBarlow, Peter Willtam, F.ll.S., F.G.S. 8 Eliott-place, Black- 
heath, London, S.iO. 

1861. •Baniard, Major 11. Cary, F.L.S. Bartlow, Leckhampton, Chelten- 
ham. 

1808, §Barnes, Richard II. Care of Messrs. Collyer, 4 Bodford-row, London, 

W.O. 

•Barnes, Thomas, M.D., F.ll.S.E. Bunker’s Hill, Carlisle. 

Barnes, Thomas Addison. 40 Chester-street, Wrexham. 

•Barnett, Richard, M.ll.C.S. Avon-side, Coteii End, Warwick- 
shire. 

1850. JBarr, Major-General, Bombay Army. Cultor House, near Aberdeen, 
(Messrs. Forbes, Forbes & Co., 0 King William-street, London.) 

1801. *Barr, William ll., F.G.S. llealou Lodge, 1 leatuu Mersey, near Man- 

chester, 
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1872. *Barrett, F. W,, F.O.S. Woodlands, Islowortli, Middlesex, 

1860. JBarrett, T. B. Iligli-strcet, Welshpool, ]Mont‘:>oiiioiy, 

1852. J Barrington, Edward. Fassaroe Bra^, Co. Wicklow. 

1866. {Barron, William. Elvaston Nurseries, Jlorrowasli, Derby. 

1858, 1 BA. 11 RY, llov. A., D.D., D.C.L., rrincipal of King’s Colb'ge, 
London, W.C. 

1862. ^Barry, Charles. 35 Be nibridge -square, Bayswater, Tjondon, W. 

Barstow, Thomas. G arrow- li ill, near York. 

1858. Bartholomew, Charles. Castle-hill-liouse, Ealing, Middlesex, AV. 
1855. {Bartholomew, Iliigh. New (ias-works, Glasgow. 

1858. * Bartholomew, William llainond. AlbioiiAhlla, Speiieer-plaee, Leeds. 

1868. ’^Barton, Edward (27th Inniskillens). Clonelly, Ireland. 

1857. {Barton, Folloit W. Clonelly, Co. Fermanagh. 

1852. {Barton, James. Farndrog, I)iindalk. 

*Barton, John. Stonehouse, Sallorgau-road, Bootorstown, Dublin. 
3804. {Bartruin, John S. 41 Gay-street, IJatli. 

1870. §BAnrciisox, Auxolp. liluudell Sands, near Liverpool. 

1858, *Barwick, John Alarsball. Albion-place, Tweeds; and Glenview, 

Shipley, near I^eeds. 

*Basbforth, Kev. Francis, B.D. .Minting Aloara^o, near Horncastle. 

1861. {Bass, John II., F.G.8. 287 Camden-road, J.omiou, N. 

1860. ^Bassett, Henry. 215 llampstead-road, London, N.W. 

1800. {Bassett, Richard. Felluim-street, Nottingham. 

1809. {BavStard, S, S. Suinmerland-place, l^kxeter. 

1871. {Bastian, H. Charlton, M.A., M.l)., F.R.S., F.L.S., Professor of 


1848. 

1808. 

1842, 

1804. 


Pathological Anatomy to University College Hospital. 20 
Queen Anne-street, London, W. 

{Bvte, C. Spence, F.B.S., F. I...S. H ]Muigrav('-plaee, Phniouth. 
{Bateman, Frederick, M. I). U])per St. ( iile<’s-}-tveet, Norwieli. 
Bateman, James, M.A., hMt.S., F.JiS., F.H.S, t) H^de JGik 
Gate South, liondon, AV. 

*Bateman, John Freplph’, C.E., F.G.S. KJ ( i^^jit Geoip*- 

street, London, S.AVA 



1852. {Bateson, Sir Ivohert, Bart. Belvoir Pevlv, Belfast. 

3851. {Bath and Welt.s, Lord Arthur H(‘r\ey, l.ord Bisliop of. 

1803. ^Bathurst, jh;v. AV. 11. 11 Bolton-gardens Suiilh IveiisinM-fon, L(»ii- 

don, W. ' 

1869. {Batten, John AVint(Thotham. 35 Palace Gardens- terrace, Kcnsing- 

toii, liOndon, S. W. 

1803. §Bauer:\ian, Heniiv, h’.tJ.S. 22 Acre-lane, Brixion, l.ondon, S.A\\ 
1801, {Baxend(dl, Jos<‘ph, F.R.A.S. 108 StcK'k-.street, Manchester. 

1807. {Baxter, Edward. Hazel Hall, Dundee. 

1807, {Baxter, John B. C’raig Tay ] louse*, Dundee. 

1870. {Baxter, R. Dudley, ALA. 0 Victoria- street, AVestminster, S.AV., 

and IlampstcTid. 

1807. {Baxter, AVilliam 3‘ldward, Al.P. AsliclitTe, Dundee. 

1868. {Bayes, William, Al.D. 58 Brook-stre'et, London, \V. 

1851. *Bayley, George. 2 CoMq)er’s-court, Cornhill, London, E.C. 

1800. {Bayley, Thomas. Lenton, Nottingham. 

1854. {Baylifl, G. ()., Al.D. 22 Devonsliire-reind, Claughton, Birkenhead. 

Bayly, John. 1 Brunswick -terrace, Plymouth. 

1860. *Beale, Lionel S., ALD.,F.R.S., Professor of Pathological Anatomy 
in University College. 01 Grosvonor-atrcet, London, AV. 

1833* ♦Beamish, Richard, F.R.S, Woolston Lawn, Woolston, South- 
ampton. 
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1861. §Bean, William. Alfreton, Derbyshire. 

187:J, §13ean(.'s, Edward, Avon House, Dulwich Common, Surrey. 

1870. JiltNird, Uev. (Uiurles. Id Soutli-liill-rond, Tt^vtoth Park, Jvivorpool. 
*Peals()n, William. Chemical Work^t, UollnTliaiii. 

18d5. *Jieaufort, William Morris, bMl.U.iS., M.H.A.S. Atlicnoeuiii Club, 
Pall Mali, J.oudoii, S.W. 

18bl. * Beaumont, Itev. Thomas (h'orjre. Cliolmoiidi^tou liectorv, Ipswich. 

187 1. *Beazleyj Capt. ( loor^e C. Judui. (Arm v and Xav v Club, Pali Mall, 

London, S.W.) " ‘ ^ 

1800. * Beck, .lo'ieph, P. li. A.S. dl Coniliill, [joiidon E.C. 

1801. §Becker, Miss L\dia JO. Whalley Itanjire, Maurdiester. 

1800. tBjjjKLKs, S 11., F.B.S., J\a.S. 0 Grand Parade, Si . Leomirds-. 

on-Sea. 

18r»0. :JBeddard, damo.s. J>.‘rl»y-road, XoUin^ham. 

J870. §Bi:DnoK, .Jon V, M.J). Clirton, Piri>tol. 

1840. (Bkkk, Cn MILF..S T., J'h 1)., h’.S.A., E.B.G.S. London Institution, 
Eiii'burj^-circiis, l.ondon, E.C. 

186-5, *BELAVKM:rz, 1 , Captain of the Busdan Imperiid Xhuy, F.R.I.G.S., 
M.S.(\M.A., Superinlendeiit of the (kimpass Observatory, 
Croiistadt. (Care of Mo'iu'.s. Baring Brothers, Bishop.sgate- 
slrefi , I joinh)!!, E.{\ ) 

18 J7, *JJkj.c’iifu, Vice-Admiral SirEnwviu*, K.C.B., E.R.A.S., E.B.G.S, 
R3 Dorset-street, Portman-square, London, W, 

J87L Archibald. (Ui'ator, ('arnforth. 

1871. §Btdl, (diarle.s B. 0 Spring Bank, Hull. 

Bell, Fivderick .lohn. \\ oodland.s, near !Maldon, Essex. 

187)0. ^Bell, Ge(>rg(\ Windsov-buildings, Dumbarton. 

1800, Gi'orge ('harhw^ 31. A. Chri.vt’s Hospital, London, E.C, 

l8.5o. tlkdl, Capt. Hmiry. Chalfont Lodge, (Ondtenham. 

1802. *Bki.l, Isvvr IjoVniiAX. The Hall, Wa^liiiigt mi, Co, Durham. 
1871. *Btdl, J. Carter, F.(\S. Cheadle, Ch(*diiro. 

185;!. |Pjell, .John l'«‘arsoii, M.I). AVaverley HoU"**, Hull. 

1804. [Jk'U, R. (^ue<‘n’.s Colh'ge, Eingsion, ( 'anada. 

Bi:i.l, Tiio>{ vs, IMi.S., F.L.S., F.G.S. The A\"akt*s, Sol home, near 
Alton, Hants. 

180:j. *Bell, I’homas, 'Die .b'^jiiond, Xewcastle-ou-Tyiie. 

1807. tBell, 'riioiiias. Btdnumi, Bunder. 

18 42. Bellhouse, Ivhvard 'luylor. Eaule jdmndrv, Aranchestor. 

187)4. f Btdlhousi', ANhlliam DaW'on. 1 Ihirk-strei't, 

Bidlingliani, Sir Man. Ca''tle Bellinghani, Ireland. 

1800. ’^Bflim'.u, 'Tin' Jiight Hon. Lord, ALA., B.C.L., F.R.S., F.G.S. 88 

l^iaton-sf|u:n-e, Louden, S. W. ; and EiiiListini Hall, Bt'rby. 

1801. *B(‘ndydie, T. 8 Adeljihi-teiTace, Strand. London, AV.C. 

1870. JP»KXAM:rT, Affufo AV., AT A., B.Sc., J^L.S. 0 Park ATllage East, 

Regent's Park, London, X. W. 

1871. §Bennett, F. .1. 1'2 llillmarten-road, Caindmi-road, London, X. 

1808. |Benm:i r, John llrcniKs, M.B., F.B S.li, Professor of Institutes of 

Alt'dicino in the I’niveivsity id' J'Alinbiirgh. 1 Gleiitinlas-strect, 
Edinhnvgh. 

1870. ^Bonuott, AVilliam. 100 S haw-street, Liverpool. 

1870. *Benn('tt, AVilliaiu, jiin. Oak Hill Park, Old Swan, near Liverpool. 
1852. *13011110011, Francis.' 10 Tavistock-square, London, AV.C. 

1857. } Benson, Cliarlea. 11 Fitzwilliam-square AA'est, Dublin. 

Benson, Robert, jun. Fairfield, Manchester. 

1848. ^Benson, Starling, F.G.S. Gloucesler-place, Swansea. 

1870. J Benson, AV. .fVlresford, Hants. 

180:3. tBon-son, AATlliaiu. Fourstones Court, Newcastle-on-Tyne. 
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1848. JBentuam, George, F.R.S., Pres. L.S. 25 Wilton-place, Knights- 
bridge, London, S.W. 

1842. Bentley, John. 9 Portland-place, London, W. 

18G3. §Bentley, Robert, F.L.S., Professor of Botany in King’s College. 

91 Alexaiidra-road, St. .Tohirs-wood, liondon, N.W. 

1808. JBerkeleYjRov. M. J., M.A., F.Ij.S. Sibbertoft,MarketIIarborough. 
18()3. J Berkley, C. Marley Hill, Gateshead, Durham. 

1848. l;Berrington, Arthur V. D. IVoodlands Castle, near- S^van sea. 

18iX>. JBerry, Rev. ArthurGeorge. IMoiiyash Parsonage, Bakewell, Derbyshire. 
1870. ^Berwick, George, M.l). 30 Fawcett-street, SundtTland. 

1802. JBesant, IVilliam Henry, ]\[.A. St. John’s College, Cambridge. 

1805. ^Bessemer, Henry. Denmark-bill, Camberwell, London, S.E. 

1858. JBest, William. I^evdon-teiTace, Leeds. 

Bethune, Admiral, 6.B., F.R.ti.S. Balfour, Fif(‘sliire. 

1859. tBovevidge, Robert, M.B. 3() King-street, Aberdeen. 

1803. JBewick, Thomas .lohn, F.G.S. llaydon Bridge, Nortliuniberland. 
*Bickerdike, Rev. .Tolin, M.A. St. Mary’s Vicarage, Leeds. 

1870. §Bickerton, A. W., F.C.S. Tlie Penn, Portswood, vSouthnnipton. 
1808, JBiddkb, Gkoiige PATncEU, C.E., F.B.G.S. 24 Great Georgc-strcet, 

Westminster, S.W. 

1803. JBigger, Benjamin. Gateshead, Durham. 

1864. JBiggs, Robert. 17 Cliaiies-street, Bath. 

1855. I Billings, Robert William. 4 St. IVlary’s-road, Canonbury, London, N. 
Bilton, Rev. William, M.A., F.( l.S. United University Club, SiifJblk- 
street, London, S.W. ; and Cbislehurst, Kent. 

1842. Binney, Edward William, F.R.S., F.G.S. 40 Cross-street, Man- 
chcst{»r. 

Birch all, Henry. College House, Bradford. 

Birchall, Edwin. Airedale Cliff, Newley, Leeds. 

1800. ■'^Birkiii, Bicliard. Ashley Hall, near Nottingham. 

*Birks, Rev. Professor Thomas Rawson. Trinity College, Cambridge. 
1842. *Birley, Richard. Seedley, Pendleton, IVfaneliester. 

1841. *BrLiT, Wii.lt vm Radcltff, F.R.A.S, Cyiithia-villa, Clarendon-road, 
M'allluunstow, London, X.E. . 

1871. ^Brsc’TioF, Gfstav., Prufes.sor of Teehnical Chemistry in the Ander- 

.sonian University, Glasgow. 234 George-street, Glasgow. 

1808. JBidiop, John. Tlioqie Hamlet, Norwich. 

1800. Jlh^^hop, Thomas. Bramcole, Nottingham. 

1809. jBlackall, Tlioma.s, 13 Soiithernhay, Exeter. 

Blackbui-ne, Rev. .Tolni, ]\[.A. Yarmoiitli, Isle of Wight. 
Blackburne, Rev. John, jun., i\I.A. Itectory, Horton, near Chip- 
penham. 

1859. IBlackie, John Stewart, Professor of GrcfL. Edinburgh. 

1855. *Blackik, W. G., Ph.D,, F.R.G.8. 17 vStanln^pe-terraco, Glasgow. 

1870, JBlackmoro, W. Founder's-court, Lothbury, London, E.C. 

*Blackwald, Rev. John, F.L.S. licndve House, near IJannvst, Den- 
bighshire. 

1803. JBladen, Charles. JaiTOw Iron Company, Newcastle-on-Tyne. 

1863. JBlake, C. Carter, Ph.D., F.G.S. 170 South Lambeth-road, Lon- 
don, S.W. 

1849 *Blake, Henry Wollaston, M.A., F.R.S, 8 Devonshire-place, 
Portland-place, London, W. 

1840. ’^Blake, William. Bridge House, South Pctlieilon, Somerset. 

1845. Rev. J. W., B.D. Ware Vicarage, Hertfordshire. 

1801. §Blal£iston, Matthew. Mobberley, Kiiutsford. 

*Blakiston, I’eytoii, M.D., F,R.S. Wumor-square, St. Leonard s- 
on-Soa. 
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18 G 8 . JBlanc, IIkniiy, M.D. 
W.O. 


9 Bedford-strect, I^dford-square, London, 


*Blomkfield, llcy. liEOXAiU), M.A., F.L.S., 19 Belmont, 

Bath. 


18G9. |Blandford, W. T., F.G.S., Geolo<:^ical Survey of India, Calcutta. (12 
Keppel-fttreet, Ijoiidon, W.C.) 

Blanchard, William, K(‘dcar. 

Blore, J^ldward, LL.I)., F.K.S., F.S.A. 4 Manrln^ster-square, Lon- 
don, W. 

1S70. f Blundell, Tliomas Weld. Ince Bliuidell Hall, Great Cro«hy, l.an- 
casliire. 

1.S59. 1 Blunt, Sir Chavle.?, Bart. Ileal li(i<*ld Bark, Sussex, 
i Blunt, (kipt. Bieliard. Brollaiids, Cherl.sey, SurreA’, 

Blyth, B, llall. Ido (teorj^^'-strecl, Iklinbur^li. 

ISdO. I Blyth, John, INI.])., Professor of ( ‘lieiiiisiry in (Jiu'en's College, Cork. 
l<^r>8. ^Blythe, ’William. Holland Bank, mar Aeeringtoii. 

1870. ^Boardnian, Fdward. (^ueen-street, Norwich. 

Bonse, Charles W. 2d Dnuninond-place, Ikiinhiirgli. 

IS45. 1 Bodmer, Bodolplie. Nt‘W])ort, Monmoiilhshiiv. 

1804. 1 Bojifg, J. la)uth, 1 Jucolnshire. 

18 (jt). §Bog^, Tlioinas Wiuuvss. I.outli, Ijincolnsliire. 

1859. *Bojin, IIf.xuv G., J^'.L.S., F.B.A.S., F.B.G.S. North End House, 
Twickenham, London, S.W. 

1871. §Bohn, iMrs. North-end 1 1 oiise, Twickenham. 

18d9. f Bolster, BeA\ Prebcuidarv John A. Cork. 

Bolton, B. L. Laurel Mount, Ai^hurth-road, Liverpool, 

1800. |Bond, Banks. T^ow Pavennuit, Nottiiiehnm. 

18(>d. iBond, Francis T., M.l). Jlarth'v Institution, Southampton. 

Bond, Henry John Haves^ M.D. Cambridge. 

1871. §Boiiney, Bev. Thomas ( Jeorge, M.A., F.S.A., F.G.S. St. John’s Col- 

h'ge, Cambridge. 

Bonoiui, Ignatius. .‘10 Bland ford-srpiare, London, N.W. 

Bono Ml, Joskiui. Soaii(‘'.s Mu'^eum, Jd J Jiicohi’s-iim-iields, Lou- 
don, W.( ^ 

18GG. JBooker, W. H. CromAvell- terrace, Nottingham. 

18GL §Booth, James. Flmtield, Rochdale. 

183d. j Booth, Bga'. James, LL.D., F.B.S., IMLA.S. The Vicarage, Stone, 
near AAleshury. 

18G1. * Booth, .John. (Jrecnhaiik, Monton, near Manchester. 
iSdl. *Booth, AVilliam. Holyliank, Cornhrook, Manchester. 

18()L *Borchiirdt, ra)nis,dr. I). Oxford ( dianibevs, Oxford-street, Manchester. 
1849. I Horeham, WilliamAV., ILB.A.S. Tlie Mount, Hjia erliill, NeAvmarket. 
18G3. jBorries, ddieodore. Lovaiiu’-crt'scent, Newcastle-on-Tvne. 

^Bossey, Francis, ^l.D. ^laAiield, Oxford-road, Bed Hill, Surrey. 
Boswoirni, Bev. JosKrii, 1 Ji.D.,F.lLS., F.S. A., M.B. LA., Professor 
of Anglo-Saxon in the Cniversity of Oxford. Oxford. 

18G7. §Botly, AViliiam, P.S.A. Salisbury-A ilia, Hamlet-road, Upper Nor- 
wood, liOndon, 8.F. 

18d8. JBotterill, .tolni. Burley, near Leeds. 

1872. § Bottle, Alexander. Dover. 

18G8. I Bottle, J. T. 28 Nelson-road, Great Yarmouth. 

1871. §Bottomley, Jame.s Tiiom.son, M.A., F.C.S. The College, Glasgow. 

B(dtomley, AViliiam. Inirbreda, Belfast. 

18d0. JBouch, Thomas, C.hk Oxford-terrace, Edinburgh. 

1870. ■fBoiilt, SAvintoii. 1 Dale-street, liiA^erpool. 

18(K). § Bourne, Stephen. Abherley Lodge, Hndstone-diive, Harrow. 

1858. jBouslield, Charles. Boundhay, near Leeds, 
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1868. JBoiilton, "VV. S. Norwich. 

1872. §Boyill, William Edward. 20 Jaines-streot^ Biickinghani-gato, 
London, 8.\¥. 

1870. §Bowor, Anthony. Bowerdalo, Seaforth^ Liverpool. 

1867. tBower, Di\ Jolin, I’erth. 

1846, ^Boavkkbank, Jamks Sco it, LL.I)., F.B.S., E.G.S., E.L.S,, F.B.A.S. 
2 Fa^t A.^cont, 8t. Loonavd’s-oii-Si'a. 

1856. ^Bowlby, Mi8?; F. E. 27 Ijansdown-cTi'scent, Cheltenham, 

1863. jBowman, U. Benson. N()wea.>th‘-oii-Tvne. 

Bowman, William, F.7I.S. 5 ( Uiliurd-stn'ol, London, W. 

1860. jBowring, Charles T. Flni'^lei^h, Frijices’ Bark, Liverpool. 

1869. iBowRixcf, J. C. I^arkbeare, Exeter. 

1863. j Bo wron, .Tamos. South Sioekton-on-T(‘es. 

1863. §B()yd, Edward Fenwick. Moor House, inw Durham. 

1871. tRoyd, Thomas J, 41 Morny-plac(‘, hklinhur^li. 

Boyle, Alexander, 35 Colh'fie (Jn'en, Dublin. 

1865. JBoYLn, Bey. G. 1). Soho House, ITandsworlli, Rivminjrliam. 
Brabant, B. H., IM.D. Ihith. 

1869, '"'Braby, Frederick, F.G.S., F.C.S. Mount Ileiihw, Sydenham Hill, 

?5.bi . 

1870, §Brace, Edmund. 17 WatiT-stroet, Liyerpool. 

Bracebridgo, Charles Holt, F.B.G.S. The Hall, Atherstone, ^^'ar- 
wiekshire. 

1872. §Br vnnRooK, E. W., F.S.A., Dir. A.T. 28 Abingdon-streot, AVcsl- 

minster, S.W. 

1861. ^Bradshaw, William. 35 IMoshw-street, Maneboster. 

1842. *Bru)y, Sir Axroxio, F.G.S. Maryland Boint, Stratford, Essex. 

1857. *Ri*ady, Chevne, iNE.B.I.A. Four Courts, Co. Dublin. 

Brady, Daniel F., M.D. 5 GardineiA-row, Dublin. 

1863. IBradv, Geoiicik S. 22 Fawc<‘1t-street, SundtulMud. 

1802, §Braby, TIrxry Bow max, F.L.S., F.G.S, 29 Mosley-street, New'- 
castle-on-Tyne. 


1858. JBrae, Andrew Fdmnnd. 29 Farlf-sqnnre, liCeds. 

1861. §Brahain, Philip. 6 ( u'orge-sl n-et, Bath. 

1870. §Braidwood, Dr. T)elemere-teiTac«‘, Birkenlu'ad. 

1861. §lirailvenridge, Bev, (Jeorgt' W(';ire, ^l.A., F.C.S. Cleyialon, Sonior^^tl. 


1865, §BRAM\yi:Lu, Fri:i)i:ri<'Iv J., C.E. 
S.W. 


37 Great George-sti'tnd, London, 


1872. §BramwY‘ll, William J. 17 Princt^ .\lhcrt-si n'ot, Brigliton. 

Brancker, IPw'. Thomas, iM.A. Inmington, Sonnu'sel. 

1807, JBrand, W’illiam. JMilnetield, Dumha'. " 

1861. ’’^Braudreth, Henry. Dicklehorough Bectory, Scoh', Norfolk. 

1852. IBRAzrini, Jamks S., h\(kS., Professor of ( lieniistry in Marischal Col- 
lege and Cniversity of Abmdoen. 

1857. IBrazill, Thomas. 12 Holles-strcet, Diddin. 

1869. *Breat)albaxk, The Bight Hon. Tkirl of. Taymoutli Castle, N. P>. ; 

and Carlton CUnb, Pall Mall, London, S.W. 

1859. tBnjbner, Alexander ( k Audit Ollice, Somerset House, London, W.C. 

1859. *Br(}bner, James. 6 Albyn- 2 )lace, Aberdeen. 

1867. JBreciiin, The Biglit. Bev. Ah‘xander Penrose F'orhes, Lord Bishop 

of, D.C.L. Castlehill, Dundee. 

1868. §Bremridge, Elias. 37 Bloomsbiirj’^-sminre, London, W.C 

1869. JBreiit, Colonel Bohert, Woodbury, Exeter. 

1860. JBrett, G. Salford. 

1854. * Bluett y Henry Watkins. 

1866. tBrettell, Thomas (Mine Agent). Dudley. 

1805. §Brewin, William. Cirencester, 
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18(57. tBniDGMAN, William Kexckley. G9 St. GUes’e-atreet, Nor^vich. 
1870. *Brids()n, .Joseph K. Belle Jsle, Windermere. 

1870, §Brieiley, .Toseph, C.E. Blackhum, 

1870. *Brigfr, John. Brooiniield, Keijrlilov, Yorkshire. 

180(3. *Bri‘^<^s, Arthur. ()rai^ Heyd, Itawdeii, ii(3ar Leeds. 

*BniG(is, (Jeuoral John, F.ll.S., M.B.A.S., F.G.S. 2Tt*nterden-stivet, 
London, W. 

18(30. §Brigga, Joseph. Ulvoratone, Liincasliiro. 

1803. *BiU(aiT, Sir Ciivulek Tilhton, ChK., F.(«.S., F.ILG.S., F.K.A.S. 

(30 J^anoastor-gate, W. ; and C Wostinin&ter-ehaiubers, Victoria- 
street, London, S.W. 

1870. tBright, IL A., M.A., F.U.G.S. Ashfield, Knotty Ash. 

BiiiOHT, The Bight Hon. John, M 1\ Boc-hdale, Lancashire. 

1868. IBiUN^ Cominaiider Lindesay. Army and Navy Ciuh, Tall Mall, 
London, S.W. 

1863. XBrivity Henri, 

1842. Broadbeni, Thomas. Mnrsden-square, Mnnehestor, 

18o0. *BRor)irunsT, Bkhxaud Edward. 20 Grosvonoi -street, Grosvonor- 
square, London, W. 

1847. tnuoDiK, Sir Benjamin C., liart, M.A., JXC.L., F.B.S. Brockham 
W anvil, Beigate. 

1834. tBnoDiF, Bov. J ami:s, F.G.S. Monimail, Fifeshiro. 

1865. IBrodie, Bov. Biut.r BELLKxaim, 3LA.,F.G.S, Bovrington Vicar- 
age, near Warwick. 

1853. IBromhy, J. IL, M.A. Tlie (Miarter Itoiise, Hull. 

Bromilow, Henry G. Merton Bank, Southport, Lancashire. 

* Brooke, Ghxrles, M.A., F.B.S. 16 Fit/roy-.<qiiaiv, lAnulon, W. 
1855, Brooke, Edward. Marsdon House, Stockport, Gheshire. 

1S()4. * Brooke, Ih'v. J. Ingham. Thornhill Bectory, l)rox\>hury. 

1855. t Brooke, IVter AVilliaiii. Marsden House*, Stockport, Cheshire, 

18(33. §Brooks, .Tohii Crosse. WalWnd, NeMcasth'-on-TMie. 

18J(3. * Brooks, Thomas. Craiislunv Hall, B{n\>teustall, Mancliest(‘r. 

Brooks, William. ()r<llall-hilL East Betlord, Nulliiighanishire. 

1847. I Broome, (?. IMwavd, F.L.I^. Elmhurst, B.i(hea*iton, near Bath. 

1863. *Broiigh, Jdom*! IL, F.G.S., one ot* Her Majesty's Inspectors of Coal- 
Min(‘S. 1 1 Weht Mall, Clifton, Bristol. 

*Bnovx, .Luin Allvn, l^B.S., laite Astronomer to His Highness the 
Bajah of 'Pvax ancove. 

isrri. J Brown, ^Irs. 1 St rat ton-street, Piccadilly, London, W. 

1803. *Buuwn, AnrAWDi-n Cutm, M.H., h.B.S.E., F.C'.S., Professor of 
Chenii.sliA in the Umver.sit \ of JMiidmgh. 8 Belgnivc-crcscent, 
hidinbiirgli. 

18()7. ] Brow 11 , diaries Gag-e, ]\r.l>. 88 Sloaiio-street, I.ondoii, S.W. 

1855. 1 Brown, Colin. 3 Man.vlii‘ld-]dace, (Jlasgoxv. 

1871. § Brown, Daxid. 17 S. Xorloii-platv, Fdinbnrgh. 

1863. *Brown, Bev. Dixon. Fnthank Hall, Haltxvhistle, Carlisle. 

18(55. §BroxYn, Jwlwdii, F.G.S. P>nrton-npon-Tr(‘nt. 

1858. §Broxvn, Htmrv, ^l.A., LL.l). Daisex Hill, Baxx'don, Leeds. 

1870. §Broxvn, Horace T. The Bank, Burtou-on-Treiit. 

Broxx’ii, Hugh. Broadstone, Ayrshire. 

1870. §Bjt(>xvN, J. Camimiell, D.Sc.', F.C.S, Koyal liilirmarv School of 

Medicine, Lix erpool. 

1850. JBrowu, John (Tomhie, LL.D., F.L.S. Haddington, Scotland. 

18(33. jBroxvn, John 11. 29 Sandhill, Noxx"castle-on-Tvno. 

18(33. t Brown, Balph. Lainhtoii’s Bank, NexxTastle-on-Tyne. 

1871. §BaowN, Borert, M.A., Ph.D,, F.B.G.S. 4 Uladstone-terrace; 

Edinburgh. 
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1856. *Brown, Samuel, F.S.S., F.R.G*S. The Elms, 42 Larkhall Rise, 
Clnpham, London, S.W. 

1868, JBrown, Samuel. Grafton House, Swindon, Wilts. 

*Brown, Thomas. Lower Hardwick, Chepstow. 

*Brown, William. 11 Maiden-terrace, York-road, Upper Holloway, 
liOndon, N, 

1855. JBrown, William. 11 Alhany-place, 01a«>p;ow. 

1850. JBrown, William, F.R.S.E. 25 llublin-strcet, Edinburgh. 

1865. fBrown, William. 41 a New-street, Birmingham. 

1866. XBroioWy B, Chapman. Tynemouth. 

1866. *Browne, Rev. J. H. Lowdham Vicarage, Nottingham. 

1862. *Browne, Robert Clayton, jun., B.A. Browne’s Hill, Carlow, Ireland. 
1872. §Browne, R. l^lackle}^, F.G.S. Northside, 8t. John’s, Sevenoaks, Kent. 
1865. *Browne, William, M.l). The Friaiy, liclific'ld. ^ 

1865. §Browning, John, F.R.A.S. Ill Minork's, London, E. 

1855. §Brownlee, James, Jnn. 60 Buriibank-gardcns, Glasgow. 

BrownUcj Arcliihald. (Jlasyoio. 

1853. JBrownlow, William B. Axilla-place, Hull. 

1852. ifBruce, Rev. William. Belfast. 

1863, *Brunel, 11. M. 18 Duke-street, Westminster, 8.AV. 

1863. JBrunel, J. 18 Diike-atn^et, Westminster, S.\\\ 

1871. fBrunndw, F. Dunsink, Dublin. 

1868. JBrunton, T. L. 23 Davies-street, London, AV, 

1859. X Bryant, Artlmr C. 

1861. JBryce, James. York Place, Higher Broughton, Alanehoster. 

Bryce, James, M.A.,LL.D.,F.R.8.E.,F.G.S. High School, ( ilasgow, 
and Bowes Hill, Blantyre, by Glasgow. 

Bryce, Rev. R. .1., LL.D., Principal of Belfast Academy. Belfast. 
1859. JBryson, AVilliam Gilbispie. (hilbm, Aberdeen. 

1867. JBuccleucii and Queensuerr y, His ( h-ace tin; Duke of,K.G., D.C.L,, 

XMLS. L. & E., F.L.S. AVhiteliall-gardens, London, S.W.j and 
Dalkeith Palace, Edinburgh. 

1871. §Buchan, Alexander. 72 Nortliumbmdand-strect, Edinburgh. 
1867. JBuchan, Thomas. Strawberry Bank, Dundee. 

Buchanan, Andrew, M.l). "Professor of the Institutes of Medicine 
in the University of Glasgow. 4 Ethol-place, Glasgow. 
Buchanan, Archibald, (’atrine, Ayrshire. 

Buchanan, D. C. Poulton cum Seacombe, Cheshire, 

1871. IBuchanan, John Y. 10 Moray -place, Edinburgh, 

*Buck, George AVatson. Ramsay, Isle of Alan. 

1864. §Buckle, Rev. George, ALA, Twerton Adcarage, Bath. 

3865. *Buckley, Henry. 27 AVJieeb'r’s-road, Edgbaston, Birmingham. 

1848. *Buckman, James, F.L.S., F.G.S. Bradford Abbas, Sherbourne, 

Dorsetshire. 

1869. jBucknill, J. Hillmorton Hall, near Rugby, 

1851. *Buckton, George Bowi)LEJt,F.R..S., F. I .,S. AV eycombe,IIaslemero, 

Surrey. 

3848, *Budd, James Palmer. Ystalyfera Iron AVorks, Swansea. 

1871, § Bulloch, Alatthow. 11 Park-circus, Glasgow. 

1845. *Bunbury, Sir Charles Ja.mes Fox, Bart., F.R.S., F.L.S. , F.G.S., 
F.R.G.S, Bai’ton Hall, Bury St. Edmunds. 

1865. jBunce, John Afackrav. ^Journal Office,’ New-street, Birmingham. 

Bunch, Rev. Robert James, B.D. Emanuel Rectoiy, Loughborough. 
1863, §Bunning, T. Wood. 34 Grey-street, Newcastle -on -Tyne. 

Bunt, Tliomas G. Nugent-place, Bristol. 

1842. *Burd, John. 37 Jewin-street, Aldersgate-street, London, E.C. 

1809. |Burdett-Coutts, Baroness. Stratton-street, Piccadilly, London, W. 
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1872. *Burgesrf, IIei*bert. 05 High-street, Battle, Sussex. 

1857. tBurk, J. Lardner, LL.D. 2 North Great George-street, Dublin, 

1805. I Burke, luike. 5 Albert-terrace, Acton, London, W. 

1809. *Bui*iiell, Arthur Coke. Sidniouth, South Devon. 

1859. t Burnett, Newell. Belniont-street, Aberdeen, 

1872. §Burrows, Sir John Cordy. 02 Old Steine, Brighton.' 

1800. J Burrows, Montague, M.A., Professor of Modem History, Oxford. 

1800. *Buiitox, Fuedkiuck M., F.G.S, Highfield, Gainsborough. 

1804. |Bush,W. 7 (hreus, Bath. 

Jhishell, Christoplier. Royal Assurance-buildings, Idverpool, 

1855. *Bu.sk, Gkouoe, F.R.S., V.P.L.S., F.G.S., Examiner in Comparative 
Anatomy in the Thiiversity of London. 32 Hurley-street, Caven- 
dish-square, J joiidon, W. 

1857, tButt, Isaac, Q.C., M.P, 4 llenrietta-stroet, Dublin. 

1855. *Jluttery, Alexander W. Mouklaiid Iron and Steel Company, Cardar- 
roch, near Airdrie. 

1872. §Buxton, Charles Louis. Croimu’, Norfolk. 

1870. I Buxton, David, Principal of the Liverpool Deaf and Dumb Institution, 

0 xfo rd-st re e t , L i vcrpool. 

BiLVtony Edward North. 

1808. IBuxton, S. Gurney. Catton Hall, Norwich. 

1872. §Buxton, Sir T. Fowell. Warlies, Waltham Abbey. 

1854. JBykulky, Isaac, F.L.S. Seacomhe, Idverpool. 

Jiyng, AVilliam Bateman. Orwell Works House, Ipswich. 

1852. }Byrne, \"cry Rev. James. Ergonagh Rectory, Omagh, Armagh. 

Cabbell, Benjamin Boxn,M. a. ,F.R.S., F.S.A., F.R.G.S. 1 Brick- 
court, Temple, E.(h ; and 52 Portland-place, London, W. 

1858. §Cail, John. Stoke.'^ley, Yorkshire. 

1803. JCail, Richard. Beaconslield, Gateshead. 

1854. §Caiue, Natlianiel. 38 Belvedere-road, Princes Parle, Liverpool. 

1858. '^Caiiie, Rev. William, M.A. Christ C3inrch Rectory, Denton, near 

ManeliesU'r. 

1803. :}Caird, Edward. Finnnrt, Dumbartonshire. 

1<8()1. *Caird, James Key. 8 Magdalene-road, Dundee. 

1855. *Caird, .lames Tennant. Me.s.<r.:5. Caird and Co., (ireenock. 

1857. ICairnes, Professor. 

18(58. iGaley, A. J. Norwich. 

1808. jCaley, W. Norwich. 

1857. iCallan, Rev. N. J., Professor of Natiu*al Philosophy in Maynooth 
College. 

1842. Callender, W. R. The hJins, Did.sbiiry, Mancliester. 

1853. It’alvor, E. K., R.N, 21 Nor folk-street, Sunderland. 

1857. JCaineron, Charles A., M.l). 17 Ely-place, Dublin. 

1870. iCameron, John, 17 Rodiiey-street, J Jverpool. 

1859. iCampbell, Rt;v. ('. P., rrinci])al of King’s College, Aberdeen. 

1857. *Campboll, Diigald, F.C.S. 7 (iuality-court, Chancery-lane, London, 
E.C. 

Campbell, Sir Hugh P, H., Bart. 10 Hill-street, Berkeley-sqnare, 
London, W. ; and ^larchmont Hou.^c, lu'ar Diinse, Berwickshire, 
*0nmphcll, Sir James. 129 Bath-street, Glasgow. 

Campbell, John Archibald, M.l)., F.R.8.E. Allwn-placo, Edinburgh. 
1872. §Campbell, Rev. J. R., D.D. Eklon-place, Mauninghani-laue, Brad- 
ford. 

1859. iCanipboll, William. Dunmore, ArgGLliire. 

1871, ^:Campbell, William Hunter, LL.D. Georgetown, Demerara, British 

Guiana. 
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1862. *Campion, Rev. Dr. William M. Queen’s College, Cambridge. 

1856. XCamps, William^ 3f.D. 

1868, *Cann, William. 1) Southemliay, Exeter. 

*(J{irow, William Henry Pole. Antony, Torpoint, Devonport. 
Carlisle, Harvey Goodwin, D.D.,"Jjord Jiishop of, Carlisle. 
1801. JCarlton, .Tames. !Moslcy-street, Manchester. 

1807. JOarmichael, David (Engineer). Dundee. 

1867, § Carmichael, George. 11 Diidhopo-torraro, Dundee. 

Carmichael, II. 18 Iliime-street, Dublin. 

Carmichael, .John T. C. Messrs. Tochl & Co., Cork, 

1871. §Carpenter, Charles. Ikunswick-square, Drighton. 

1871. §Carpentor, llerberl P. 50 liegent’s l*ark-rnad, London, N.W. 
’^Carpenter. Philip Pearsall, D.A., Pli.D. Montreal, C’anada. 

1854. JCarpenter, Uov. IL Laiit, D.A. ]hid])ort. 

1845. :};Cari*knteu, AVilliam IL, M.D., E.U.S., F.L.I8., F.G.S., President, 
Ivogistivir of lliG I'liivorsitv of Loudon, 50 Regent's I’ark-roud, 
London, K.W. 

1872. SCarpenter, Dr. William Lant. Winfred House, Pembrokc-road, 

Clifton, Dristol. 

1812. ^Carr, AVilliam, AI.D., F.L.S., F.R.O.S. Leo Grove, Blackhoatli, 

1861. ^Garrick, Thomas. 5 ClariMuv-street, Maneliester. 

1807. §Carrutiiers, AVilliam, F.U.S., F.L.S F.G.S. British Museum, 

Loudon, AV.C. 

1801. *Car8on, Rtw. Josemli, D.D., jM.R.I.A, 18 Fi I z william-place, 

Dublin. 

1857. tC ARTE, Alex VNDETt, AI.D, Royal Diibliii Sociidy, Dublin. 

1808. §Carteigh(*, Alichaol, F.C.S. 172 Xcw Bond-street, l.oiulon, AA". 

1870. ^Carter, Dr. AVilliam. 09 Elizabeth-street, Liverpool. 

I860. jCarter, IT. IT. I'lie Park, Noltiii«»ljam. 

1815. J Carter, Richard, C.E. Long Carr, Barnshw, Yorkshire. 

*Cabtmell, llev. .James, D.D., F.CLS., Alastor of Christ's College. 

Christ Colleg'o Lodge, (Cambridge. 

Cartmell, .los('ph, ALD. Carlisle. 

1802. JCarulla, Facundo, F. A.8, Jj. Caro of Messrs. Daglish and Co., 8 Har- 

riiigton-strcot, Livei’jiool. 

1870. §Cartwright, .Joshua. 70 iving-streei, Dukinlield. 

1868. .J()s(‘ph IT(;uvy. Xewmarket-road, Xorwicli. 

i860. JCasella, L. P., F.R.A.S. South (Srove, llighgate, London, N. 

1871, §Cash, Joseph. Bird Grove, Coventry. 

1842. *Ciissels, Rev. Andrew, M.A. Stainclitr Hall, near Dewsbury, A"ork- 
shirc. 

1853. JCator, John B., Commander R.N. 1 Adelaide-strcet, Hull. 

1859. jCatto, Robert. 44 King-street, Aberdeen. 

1800. ICattox, Alfred R., M.A., F.R.S.F. Dundonnell House, Ding- 
wail, N.B. ' 

1840. jCawley, Charles Fklward. Tlic Ilcatli, Kirsall, Mancliester. 

1860. §Cayley, Artituh, J F.ll.S., VMMt.A.S., Sadlerian Professor of 

Mathematics in the (hiiversity of Cambridge, Garden House, 
Cambridge. 

Cayley, Digby. Brompton, near Searhorougli. 

Caylo}L Fid ward 8tillingtieet. AVydah', Malton, Yorkshire. 

1871. *66011, Lord Sackvillo. Hoi wood j Beckoiiham, Kent. 

1870. {Chadbum, C. H. Lord-street, Liverpool. 

1858. *Chad^\dck, Charlc.s, M.D. 35 Park-squims L(hh1s. 

1800. JChadavick, David, M.P. 27 Belsize-park, liondon, N.W. 

1842. CitADWiCK, Edwi^j, C.B. Richmond, 8un’ey. 

1842. Chadwick, Elias, M,A, Piidlcston-court, near Leominster. 
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1842. Chadwick, John. Broadfiold, Uoclidalo. 

1^50. ^Ohaduick, 1 Cohort. Ili^hbank, uMaiioiiostov. 

j (Jiadwich/riionias. Wilnislnw (tr.nnpp, Cli^shiro. 

*CnALLis, liov. Jamks, I'.lbS., F.]]. a. S., riuminn Professor of 

Astronomy in the University of Cambridge*. 2 Truinpiiigton- 
streot, (Cambridge. 

18o0. JOlialmers, John Inglis. Aldbar, Aberdeen. 

ISOo, JCiiAMnniii. \ 1 N% J. II. (’lirist Chnrch-lMiildiiips^ Birmingham, 

1808. jChanibiTlin, Ivobert. Cation, Norwieb. 

1812. Chaiiib(‘rs, ( H‘orge. Tliph ( ireeii, Slu-illeld. 

Cliambers, John. lJidgelie*l<l, ^lanehesler. 

1808. Idiainber.", W. O. I.nw<‘sl(ilt, SnllblK. 

*( 4iniii|)n<‘y, 1 I<airv Xrl.-on. 1 X« w-.'-treei, ’’i ink. 

ISf)^. Jdianee, A. M. Kdglai'ton, Biriiiinpliam. 

1800 . *Cluinre, James Simmers. Four ()ak‘s I'ark, Sutton C’oldfield, Bir- 

mingliam. 

l."'0o. §( ’hance, Koiiert Lucas. Cliad 11111. Ldubaston. Biimingham. 

18(il. *(4mimian, Fdward, .M.A., F. L.S., F.F.S. I'n-wou Hall, OxfouL 
18(51. ’^Chapman, .lohn. Hill Fuel Motti am. Mauehe' ter. 

18(50. fChapman, William, 'The J*ark, Ahutiugliam. 

1871. §( diappell, William, F.S. A. Headier Down, Ascot, I'eiks. 

1801. \Chai>pli\ Frcta'i'ich. 

1871. tChavle.s, 1\ M.D. Qu< inks Cidlep*', ri('lfa''t. 

lS;iO. Cinin oimi, Fiavmu), F.tJ.S. 1 1:5 Strand, London, W.C. 

18():b B Fdw ard, >r.l>. 7 Fhlon-sfpiare, NiAvca.sth'-cm-lAm*. 

180:5. ] ( 'JutrUmt, F. 

180(), |Cii uiNoeuc, rii('ir\nT> STrtUTrx, Ph.H., F.S .V., F.Pe.C.S. 8 Cray’s 
Iim-'(piaie. Lomhrn, W.<\ 

Chatbn W. .1. P. Lnion Club. Trnl'.dgOr-.-rpinre, T.ondon, S.W’, 

1807. *( ’haiwood, Sammd. o Went\v(.itb-]dace, Jlolton. 
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1808. JDess^, Ftheldred, M.B., hMhC.S. 43 Kensington Gardens-sqiiare, 
llayswater, Loudon, W. 

De Tabley, (lEoiiGic, Lord, F.Z.S. Tabley House, Knutsford, 
Clieshire. 

1800. 1 Devon, The Kigbt Hon. The Fail of. Powderhani Castle, near 

Exeter. 

•Dkvonmiire, Wieetam, Dube of, K G., M.A., T J..D., F.B.S., F.G.S., 
f'.B.ti.S., Cliancellor of tlie ITiivc'rsity of Cambridge. Devon- 
shire House, Piccadilly, London, W. ; and Clialsworth, Derby- 
shire. 

18i>8, ^DmvAR, .1 \>rES. Chemical T.nhoratorv, Tlie ITiivorsity, Edinhnrgli, 
1872. §Dewick, Bev. E. S. The College, hlasthmirne, Sussex. 

1858. }Dihb, I'homas Towueud. IJltle Woodhouse, I.ecds. 

1870. \ Die Jims j Colonel C. H. 

1852. IDickik, Gj^orcg:, M.A., M.D., F.L.S. , Professor of Botany in the 

ITiivcr>ity of Aberdeen. 

1804. •Dickinson, F. H., F.G.S, Kingweston, Somerton, Taunton ; and 121 
St. George's-square, London, S.W, 

1803. {Dickinson, G. T. Claremont -place, NeAVcastle-on-TMie. 

1801. •Dickinson, William Lceson 1 St. Jamea's-strcG, Maiichc.stor. 

1807. §Dr’KS()N, Ajjcxanukr, .M.D., Profes>or of Botany in the Fiiivcrsity of 

Gla.sgow. The Colleg(‘, (Hasgow. 

1808. IDiekson, .1. Thompson. 33 llarley-street, London, W. 

J80;k •Dickson, AVillinm, F.S.A., Ch rk "of the P«\ace for Northumberland. 
A 1 n w i ck, N ( >r t h \ i mberl and. 

1802. *Dieke, Sir C3 iarei<:.s Wicntworth, Bart., M.P, 70 Sloane-street, 

London, S.W. 

1848, |DIEE^vYN, Lewis LEinvEEYN, M.P., F.L.S., F.G.S. Ikukwern, near 
Swansea, 

1872. §Dines, George. Grosyenor-road, I.ondon, S.W. 

1800. 1 Din gle, Pkl ward. 10 King-street, TaAistock. 

1850. •Dingle, Ivey. J. Lanche.'ster Vic.arage, Durham. 

1837. Dircks, Hkniiv, C.l^k, LL.I)., F.C.S. 48 Cluuing-cioss, London, 

S.W. 

1808. IDittmar, W. Tho ITiivorsity, Edinburgh. 

1853, {Dixon, Edward, M.liist.C.h]. Wilton House, Southampton. 
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1865. JDixon, L. Hooton, Chesliivo. 

1801. :1;Dixon, W. HKrwoiiTii, F.H.G.S. 0 St. James’s-terrace, 

London, N.W. 

•Dobbin, Leonard, M.ll.I.A. 27 Gardiner’s-placo, Dublin. 

1851. JDobbiu, Orlando T., IJj.T)., M.ll.I.A. Ballivor, Kells, ('o. Meath. 
1860. *Dobbs, Archibald Edward, M.A. Ilicbinond-road, ICaliu^*, Mid- 
d.l0S0^ 

186^1. •Dobson, William. Oakwood, Bathwick Hill, Bath. 

Dockray, Beiijamia. Ijaneastor. 

1870. •Dodd, John. 0 C^inuinof-placo, Liverpool. 

1857. JDodds, Thomas AV., C.K. Bothorhain. 

•Dods worth, Benjamin. Burton Croft, York, 

•Dodsworth, Geoiye. Clifton-^rove, near York. 

Dolphin, John. Dtdves Houho, Berry Edge, near Gateshead. 

1851. IDoinvile, AVilliam 0., E.Z.8. Thorn Hill, Bray, Diibliu. 

1807, jllon, John. The Lodge, Droughty Ferry, by Dundee. 

18i»7. JDoii, William G. St. Margaret’s, ‘^Bronghty* Ferry, by Dundee. 

•Donisthorpe, George hldmund. Belvedere, Harrowgate, ^'orkslun'. 
18(>0. iDonisthorpo, G. T. St. David’.^ Hill, Exeter. 

1871. JDonictx, xViiTiiun Scott, M.D., Lecturer on Forensic Medicine ut 

Durham University. Sunderland. 

1801. JDonnelly, Captain, 11. E. South Kensington Aliiseum, London, AY 
1857. *Donnelly, aVilliam, C.B., llegistrnr-General for Ireland. 5 Heiiri- 
otta-street, Dublin. 

1857. JDonoyan, AI., AI.B.l.A. Glare-street, Dublin. 

1867. JDougall, Andrew Maitland, B.N. Scotscraig, Tayport, Eifeshire. 

1871. tDougall, John, AI.D, 2 Cecil-place, Paisley-road, Glasgow. 

1866. •Doughty, C. Alontagu. 5 Gloucester-place, Portman-square, T/on- 

don, AY. 

1855. §Dove, IIp:ctor. Bo.se Cottage, Trinity, near Edinburgh. 

1870. |l)owie, J. M. AA^tlstones, AVc'.st Kirby, Liverpool. 

Downall, Bev. Jolin. Okehainpton, Devon. 

1857. tDowNiNG, S., LIj.D., Professor of Civil Engineering in the Uni\ ersit 3 ^ 

of Dublin. Dublin. 

1872. •Dowson, Edward, AI.D. 117 Park -'Street, London, AV. 

1865, •Dow.son, E. Theodore. Gcldestone, near Beccles, Siillolk. 

1 861). 1 Drake ^ 1\ ( r. S. 

Drennan, AA^illiam, M.B.l.A. 65 North Ciimbcrland-stivet, Dublin. 
18()8. §Dre.sheii, Henky E. 'J’lie Firs, South Norwood, SuiTey. 

1866. §Drew, Joseph, F.G.S. AVeymouth. 

1865. JDrew, Robert .V. 6 Stanley-placo, Duke-street, Broughton, Afanchester. 
1872. •Drucc, Frederick. 27 Oriental-place, Brighton. 

Drummond, 11. Home, FMl.S.E. Blair Drummond, Stirling. 

1858. JDrummond, .Tanie.s. Greenock. 

1850. jDnimmond, Robert. 17 Stratton-street, liOndon, A\\ 

18()6. •Dry, Thomas. 23 Gloucester-road, Regent’s Park, London, N.AV. 
1863. JDryden, Jame.s. South Benwell, Noilhumberland. 

1870. JDrysdale, .1. J., ALD. 36 a Rodney-atreet, Liverpool. 

1856. •Ducte, Henry .Torm 1 {kynolt>b AIohe ton, lilarl of, F.R.S. 16 

Portmaii-sqiiaro, London, AV . ; and Tortworth Coui*t, \\^otton- 
uud<'r-7Cdge. 

1870. JDuckworth, Henry, F.L.S., F.G.S. 5 Cook-street, Liverpool. 

1807. •Duff, AIounstuaht Epiiinstone Grant-, LL.B., AI.P. 4Qiieen’.s 
Gate-gardens, South Kensington, London, W. : and Eden, near 
Banff, Scotland. 

1852. t b>iiflerin, The Rt. Hon, Lord. Iligligato, London, N. ; and Clandeboye, 

Belfast. 
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185i). *J)Lincan, Alexander, 7 Princes-gate, London, S.W. 

]8oJ). ^^Dimcan, diaries. 62 Union-place, Aberdeen, 

1800. *J)iuican, James. 71 Crormvel 1-road, South Kensington, London, \V. 

Duncan, J. F., M.D. 8 Upper Merrion-street, Dublin. 

1871. J Duncan, James Matthew, M.D. 30 Charlotte-square, Edinburgh. 
1807. §Dunc an, Pkteu Maiitix, M.D.,F.R.S., F.G.S., Professor of Geology 
in King’s College. London. ^10 Blessington-road, Lee, S.E. 
Dunlop, Alexander. Clober, Milngavie, near (ilosgow. 

1853. *Duulo]), AV’^illiam Henry. Aiiiiaii-hill, Kilmarnock, Ayrshire. 

1805. §Dunn, David. Annet llouse, Skelmorlie, by Greenock, N.B. 

1802. §Drxx, Kobktit, F.K.C.S. 31 Norfolk-street, Strand, London W.C. 
Dimiiington-Jelferson, Key. Joseph, M.A., F.C.P.S. Thicket Hall, 
Y ork. 

18 )0. IDuns, Pt(‘v. John, F.K.S.K. 4 Xorth Mansiou-I louse-road, Edin- 
burgh. 

l'^52. IDunville, William. Kiehmond Lodge, Bel fa.st. 

180(J. iDuprey, Perry. Woodbury Down, Stoke Xewin;.»ton, Ijondon, X. 

(l)’Lrban, W. S. M., F.L.S. 4 Queen-terrace, Mount Kadtbrd, 
Exeter. 

l^^OO. |DunnA>r, Autuuh EowAnn, F.K.(\S., F.L.S., Demonstrator of 
Anatomy, Guy’s Hospital. 82 Brook-street, Grosvenor-square, 
liondon, W. 

1857. J Dwyer, Henry L., M.A., M.B. 07 Upper Sackville-street, Dublin. 

Dykes, Robert. Kilmorie, Torquay, Devon. 

1800, §Dyinond, Edward E. Oaklands, Aspley Guise, Woburn. 

1808 JlOadc, Peter, M.D. I’pper St. (Ules’.s-street, Xorsvich. 

1><()1. jEadson, Richard. 13 Hyde-rond, Manchester. 

180>4. J Farh% Rev. A. Rectory, Monkton Farleigh, Bath. 

Earhy Charles^ F.O,S. 

*Evunsuaw, Rev. Sa.mukl, M.A. Broomfield, Shellield. 

L^ri, * Fasten, Kdward, 23 Duke-street, 'Westminster, S.W. 

] h 53, §Easton, .Tames. Xest Ilou.se, near Gate.shead, Durham 
Eaton, Rev, George, M.A. The Pole, Xorthwich. 

1870. \ Katon, Richard. Xorth Mymms Park, Hatfield, Herts. 

EbJen, Rev. James Collett, M.A., F.R. A.S, Great Stukidey Vicarage, 
Huntingdonshire. 

1H()7. lEckersley, James. Leith Walk, IMinburgh. 

1801. tl\c*rovd, William Fanvr. Spring Cottage, near Burnley. 

1858. *Fddison, Francis, Blaiulfoixl, Dorset. 

1870. ^IMdison, Dr. John IMwin. 20 Park-square, Leeds. 

*Fddy, James Ray, F.Ci.S. Cavleton Grange, Skipton. 

hkleji, I’homas, Talbot-road, Oxton. 

^I’hxii'.woitTu, Mk’Tim'.l P., F.L.S. , F.R. A.S, Mastrim House, 
Anerlcy, London, S.E. 

1855. lEdinislon, Robert. Elmbauk-cre.Hcent, Glasgow. 

18.10. |Fdmond, James. Cardens Hnugh, Aberdeen. 

1870. ^Edmonds, F. B. 8 York-place, Xorthnm, Southampto]i, 

18()7. * Ed waixl, Allan. Fanngtoii Hall, Dundee. 

180)7. §Fihvard, Charles. Chambers, 8 Bank-street, Dundee. 

18(>7. I Edward, James, Balruddery, Dundee. 

Edwards, John. Halifax. 

1855. *Edwaiids, Professor J, Baickh, Ph.D., D.CXL. ^fontreal, Canada. 
J807. t Edwards, William. 70 Pnnce.s-.street, Dundi'c. 

*Egeiiton, Sir Philtp de Mai.pas Grey, Bart., M.P., F.R.S., F.G.S. 
Oulton Park, Tnrporley, Cheshire. 

1859. *Eisdale; David A., M,A. 3*8 Dublin-street, Edinburgh, 
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38o5. J Elder, David. 19 Paterson-street, Glasp^ow, 

1858. JElder, John. Elm Park, Govan-road, Glaspfow. 

18(38. §Elf^er, Thomas Gwyii Enipy, E.P.A.S. 8t. Mary, PcMlford. 

Ellacomhe, Pev. H. T., E\S.A. Clyst, St. George, Topsham, Dc\on. 

1803. JEllenberger, J. L. AVorksop. 

1855. §Elliot, Pobert. Wolfelee, Hawick, N.B. 

1861, "^Elliot, Sir AVaetee, K.S.I., F.Jj.S. AVolfelee, Hawick, X.B. 
1864. fElliott, E. B. AA^ashington, United States. 

1872. ^Elliott, Pev. E. B. 11 Siisaex-sqnare, Kemp Town, Brighton. 

1862, §P]lliott, Frederick Henry, ALA. 449 Strand, liondon, AV.C. 

Elliott, John Eogg. Elvet Hill, Durham. 

1859. JEleis, Heniiy S., F.P.A.S. Fair Park, Exeter. 

1804. ’^Eeeis, Aekxaxdkh .John, B. A., F.ll.S. 25 Argyll-road, Kensington, 

Jvondoii, A\^ 

1804. *Ellis, Joseph. Hampton T>odge, Brighton, 

1864. §Ellis, J, A\ alter. High House, Thornwaite, Pipley, A^orkshire. 

*Ellis, Pev. Pobort, A.M. The Institute, St. Saviour’s Gate, York. 
1809. jEllis, AVilliam Horton. Pennsylvania, Exeter. 

Ellman, E. B. Berwick Pectorv, near I^ewes, Sussex. 

1802. :fP’lphinstone, II. AV., AI.A., E.L.S. Cadogan-place, Imndon, S.AV. 

Eltoft, AVilliam. Cai-e of J. Thompson, Esq., 30 New Cannon-street, 
Alanch ester. 

1803. JEmbloton, Dennis, AI.D. North nmberland-street, Nowcastle-on- 

Tyne. 

3803. jEmery, Pev. AAL, B.D. Corpus Christi College, Cambridge. 

1858. jEinpsQn, Christopher, Brainhopo Hall, Leeds. 

18(k>. jEnheld, Pichard. Low Pavement, Nottingham. 

18(>6. jEiifiekl, AVilliam. Tjow Pavement, Nottingham. 

1871. tkbigelsoii, T. 11 Portland-t<irrare, Pegent^s Park, r.ondon, N.AV. 

1853, JEnglish, Edgar AA^ilkins, Yorkshire Banking Company, Lowgate, 
Hull. b t ^ n I 

1800. § English, J. T. Stratton, Cornwall. 

EnnisivIeeen, AVieeevm AViEEoroirBY, Earl of, D.C.L., F.P.S., 
AI. LM.A., F.G.S. 20 Eaton-place, J^oiidon, S.AA^ ; and Florence 
Court, Fermanagh, Ireland. 

1869. JEnsor, Thomas. St. J^eonards, Exeter. 

1809. *En3\s, John Davis. Canterbury, New Zealand. (Care of J. S. Enys, 
Esq., Enys, Penryn, Cornwall.) 

*Euys, John Samuel, F.G.S. Enys, Peimm, Cornwall. 

1844. J'.richsen, John Eric, Professor of Clinical Surgery in University 
College, liondon. 9 Cavendish -pi ace, liondon, W. 

1804. *Eskriggo, It. A., F.G.S. G 37 Exchange-buildingsNTjrth, IJverpool. 
3862. *E.sson, Wteetam, ALA., E.P.S., F.C.S., F.P.A.S. AlertonCollegc ^ 

and 1 Bradmoro-road, Oxford. 

Llstconrt, Pev. AV. J. B. Long Newton, Tetbury. 

1809. jEnrETunaK, Poukut, E.P.S.E., F.G.S., Palajontologist to the Geolo- 
gical Survey of Ch’eat Britain. Aluseuiu of I’ractical Geology, 
Jermyn-street; and 10 Halsey-street, Cadogan-place, London, 
S.AV, 

1855. ""Euing, William. 209 AVest George-street, Glasgow. 

1870. *Lvaiis, Arthur John, NasliAlills, Hemel Hempstead. 

1805. *Evans, Pev. Chaueks, ALA. Solihull Rector, Biimiingham. 

1872. ♦Evans, Frederick J., C.E. Clayjmnds, Brentford, AV. 

1849. ♦Evans, George Fabian, AI.T). 282 Hagley-road, Birminglmm. 

18(>9. ♦Evans, H. Saville W. 35 Hertford-street, Mayfair, Imndc^n, AV. 

1801, ♦Evans, John, F.P.S., F.S.A., F.G.S. 05 Old Bailey, J.ondon, E.C, ; 

and Nash Alills, Hemel Hempstead. 
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18G5. ^Evans, Sebastian, ^I.A., LTj.D. Jlighf^atc, near Birmingham. 

18()0. ]: Evans, Thomas, F.G.S. J^elper, Derbyshire. 

1805. *Evans, William. Ellerslio, Augustiis-road, Edgbaaton, Birmingham. 

Plvanson, R. T., M.D. Holme Hurst, Torauay. 

1871. §Eve, II. W. Wellington College, Wokingham, Berkshire. 

1808. *Eveuett, J. D., D.C.L., Professor of Natural Philosophy in Queen’s 
College, Belfast. Rushmere, Maloiie-road, Belfast. 

IBOo. *Everitt, George Allen, K.L., K. 11., F.R.G.S. Knowle Hall, War- 
wickshire. 

1850. *Ewing, Archibald Orr, M.P. Ballikinrain Castle, Killearn, Stirling- 
shire. 

1871. *Exley, John T., M.A. 1 Cotham-road, Bristol. 

1840. *Eyre, George Edward, F.G.S., F.K.G.S. 50 Lowndes-square, 
London, S.AV. ; and Warren’s, near Lyndhurst, Hants. 

1800. JEybk, Mnjor-G (moral Sir VixrENT, F.R.G.S. Athenaeum Club, 
Pall Jilall, London, S.W. 

Eyton, Charles. Hendred House, Abingdon. 

1810. ^Eyton, T. C. EUon, near W'ellington, Salop. 

1842. Fairbaim, Tlioinas. Manchester. 

•FAiiiBAinx, Sir Wileiam, Bart, C.E., LL.D., F.R.S., F.G.S., 
F.R.G.S. Manchester. 

1800. iFaMank, It F., 3LA. 

1805. I Fairley, Thoma.s. Cliapel Alhmton, Leeds. 

1870. ^Fairlie, Robert, C.E. Woodlands, Clapham Common, London, S.W. 
1804. JFalkner, F. IT. Lyncomhe, Bath. 

Fannin, John, M.A. 41 Grafton-stroet, Dublin. 

1850. IFarquharson, Robert O. Houghton, Aberdetui. 

1801. I Faiih, William, M.D., D.(’.L., F.R.S., Sunerintondont of the Statis- 

tical Department, General Registry Oilice. Southlands, Bickley, 
Kent. 

18(30. ^FABiiAn, Rev. Fiiedkiiick William, M.A., F.R.S. Marlborough 
(’ollege, Wilts. 

1857. iFarrelly, Rev. Thomas. Royal College, Maynooth. 

1800. *Faulcouer, R, S. Fairlawn, Clarence-road, Clapham Park, I^ondon. 
1800. jFaulding, Joseph. .‘310 Eustou-road, London, K.W. 

1800. jFaulding, W. F. Didsburv College, Manchester. 

1850. *Faav{’ett, Hexuy, M.P., Frofessor of Political Economy in the Fni- 
versity of Cambridge. 42 Bessborough-gnrdens, Pimlico, Lon- 
don, S.W.; and 8 Trumpingt on-street, Cambridge. 

18();3. IFawcus, (icorge. Alma-place, North Shields. 

18:3;i. Fearoii, John Peter. Cuckfi eld, Sussex. 

1815. |Felkin, William, F.L.S. Tlie Park, Nottingham. 

h\‘ll, John B. Spark's Bridge, Ulverston, Lancashire. 

1804. §Felloweh, Fuaxk 1*., F.S.A., F.S.S. 8 The Green, Hampstead, 
London, N.W, 

1852. jFenton, S. Greanie. 0 College-square, and Keswick, near Belfast. 
1855. :f Ferguson, James. Gas Coal-works, liosmahago, Glasgow, 

1850. jFerguson, John. Cove, Nigg, Inveniess, 

1871. §Ferguson, John. The College, Glasgow. 

1855. XFerffmotiy Pete?', 

1807. §Ferguson, Robert M., Ph.D., F.R.S.E. 8 Queen-street, Edinburgh. 
1857. iForguson, Samuel. 20 North Great George-street, Dublin. 

1854. jFergiison, William, F. L.S., F.tJ .S. 2 St. Aiden’s-teiTace, Birkenhead. 
1807. ^Fergusson, II. B. 13 Airlic-place, Dundee. 

18033. *FEnNiK, John. Veninor, Isle of Wight. 

1802. jFerrers, Rev. N. M., M.A. Cains College, Cambridge. 
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1808. ifField, Edward. Norwich. 

Field, Edwin W. 30 Lincoln’s -Inn-fields, London, W.C. 

1869. *Ficld, Kogers. 6 Canon-row, Westminster, S.W. 

Fielding, U. H., M.D. Tunbrido^e, Kent. 

1804. JFinch, l>ederick George, B.A., F.G.S. 21 Crooms-liill, Greenwich, 
S.E. 

Finch, John. Bridge Work, Chepstow. 

Finch, John, jiin. Bridge AVork, Chepstow. 

1859. JFiNDnAY, Ai.kxandku Geoiigk, RR.G.S. 53 Fleet-street, London, 

E.C. ; Dulwich AVood Park, Surrey. 

1863. JFinney, Samuel. Slierifl-kill Hall, Newcastle-upon-Tyne. 

1808. t Firth, G. AV. AV', St. Giles ’s-street, Norwich. 

Firth, Thomas. Korthwick. 

1863. *Firth, William. Burley AA^ood, near Leeds. 

1851. *Fischer, William L. F., M.A., LL.D., F.lt.S., Professor Alatheiiia- 
tics ill the Universit}' of St. Andrews, Scotland. 

1858. IFishbournc, Captain E. G., R.N. 0 Welamere-terrace, Padding- 
ton, Loudon, AV. 

1809. JFisiier, Rev. Osmond, ALA., F.G.S. Ilarlston Rectory, near Cam- 

bridge. 

1858. 1 Fish wick, Henry. Carr-hill, Rochdale. 

1871. *Fison, Frederick AV. Grtieuholme, Burley in AVhafldale, near Leeds. 
1871. §Fitch, J. G., AI.A. 5 Laucaster-terrace, Regent’s Park, Loudon, 
N.AV. 

1808. iFitch, Robert, F.G.S., F.S. A. Norwich. 

1857. jFitzgerald, The Right Hon. Lord Otho, AI.P. 13 Dominick-strect, 
Dublin. 

1857. ^Fitzpatrick, Thomas, AI.D. 31 Lower Bagot-street, Dublin. 

Fitzwilliam, lion. George AVeiitworth, M.P., F.R.G.S. 19 Grosve- 
nor-square, London, vS.W.; and AVentworth House, Rotherham. 
1865. JFlcctwood, D, J. 45 Ocorgc-slreel, St, Paul's, Birmingham. 

Fleetwood, Sir Peter Hesketli, Bart. Rossall Hall, Fleetwood, 
Lancasliire. 

1850. ^Fleming, I’rofessor Alexander, M.D. 20 Temple-row, Blrmiiighaiu, 
Fleming, Christopher, AI.D. Merrion-sfiuaro Nortli, Dublin, 
Fleming, John G,, AI.D. 155 Bath-street, Glasgow, 

*Flemin(}, AVilliam, AI.D. Rowton Grange, near Chester. 

1867. §Fletcher, Alfred E. 21 Overton-street, Liverpool. 

1870. §Fletcher, B. Edgington. Norwich, 

1853. JFdktcher, Isaac, F.R.S., F.G.S., F.Il.A.S, Tarn Bank, AVoik- 

ington. 

1869. §Fletchkh, TjAvington E., C.E. 41 Cooperation-street, Alanchester. 

Fletcher, T. B. E., AI.D. 7 AVatorloo-street, Birmingham. 

1802. JFlower, AVilltam Henry, F.R.S., E.L.S., F.G.S., SmI.C.S., Hun- 
terian Professor of Comparative Anatomy, and Conservator of the 
Aluseum of the Royal College of Surgeons, Royal College of 
Surgeons, Lincoln’s-Iim-fields, London, AA'^.C, 

1807. JFoggie, AVilliam. AVoodville, Alaryfield, Dundee. 

1854. *FoitBE8, David, F.R.S., F.G.S., R.G.S. 11 Yorli-place, Fortmnn- 

s(][uare, I.ondon, AV. 

1855. f Forbes, Rev. John. Symington Alanse, Biggar, Scotland, 

1855. JForbes, Rev, John, D.D. 150 West Regent-street, Glasgow. 

Ford, H. R. Alorecombe Lodge, Yealand Congers, Lancashire. 

1860. JFord, William. Ilai'tsdown Villa, Kensington Park-gardens East, 

London, W. 

^Forrest, William Hutton. The TeiTace, Stirling. 

1867. ^Forster, Anthony. Newaham Grange, Winston, Darlington, 
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1810. *Forster, Tliomas Emerson. 7 Ellison-plaee, Newcastlc-upou-Tyno, 
*Forster, William. Ballynure, Clones, Ireland. 

1858. IFoi'ster, William Edward, Burley, Otley, near Leeds. 

1871. 1 Forsyth, William F. Denham Green, Trinity, Edinburgh. 

1854. ^Fort^ llichard. 24 Qiieen’s-gate-gardens, London, W.j and Bead 
Hall, Wlialley, Lttm'ashire. 

1870. §Forwood, William B. Hopeton House, Seaforth, Liverpool. 

1805, IFoster, Jlalthazai' W., M.l). 4 Old-square, Birmingham. 

1805. ♦FosTKii, Clf.mkxt Li: Nkvk, D.Sc., F.G.S. East Hill, Wands- 
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Deputy Libnu'ian, Douse of Lofds. 

Post 8vo. 10s. 0(1. 

FEESONAL KECOLLECTIONS, FEOM EAELY 
LIFE TO OLD AGE. 

BY MARY SOMERVILLE, 

Author of “ The Connexion of the Physical JSuence",'’ A'c Ac. 

Crown 8vo. 


THE GEOGRAPHY OF INDIA, ANCIENT 
AND MODERN. 

A.MANL'ilL FOR STUDEXTS AND GEXEltAL READERS. 

BY COLONEL YULE, C.B., 

Editor of “ M.irco Polo’s Travels.” 

With Maps and Woodcuts. Tost 8vo. 


LECTUKES ON MEDIEVAL AriCIIITECTUrtE. 

DELIVERED AT THE ROYAL ACADEMY. 

BY SIR G. GILBERT SCOTT, R.A., F.S.A. 

8 VO. 


PRINCIPLES OF GREEK ETYMOLOGY. 

BY PROFESSOR GEORGE CURTIUS, OF LEIPZIG. 

Translated from the C4erman 

BY A. 8 . WILKINS, M.A., AND E. B. ENGLAND, B.A., 

Professors at Owens College, :Manche8ter. 


Post 8vo. 



ME. MUEEAY’S LIST OF FOETHCOMING ‘WOEKS, 
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AN ATLAS OF ANCIENT GEOGRAPHY- 
BIBLICAL AND CLASSICAL. 

Compiled under the .supcrintciidence of 


DR. WILLIAM SMITH AND MR. GEORGE GROVE. 

TAUT II. (8 Maps.) lolio. -iLs. 


Contents : 


■liaa'sM.KM, Ancient and Moiutn. 

'S\xv To IlITTITIATE the NiAV 'rEST\- 
mi:nt 

PEi;Oi’0NNEsrs. "Witli Plan of Sparta. 
Sllolll'-s \\1) i.M. \XIIS ol' 'I in: J'lcEAN 
Sr A. 


Grek('K at itii: time of the Pelopon- 
nesian War. [Lkaitte. 

Gueeoe at the time of the Achaian 
EmITEE.S of the ilAEVLONlANS, LyDIANS, 
AIi:i)ks and Persians. 

E.mimre of Alexander the Great. 


A DICTIONARY OF CHRISTIAN ANTIQUITIES 
AND BIOGRAPHY, 

FROM THE TIMES OF THE APOSTLES TO THE AGE OF CHARLEMAGNE. 

By A'arious Arnioiin. 

EDITED BY WM. SMITH, D.C.L. 

YVitli Ilhi'itiMtioii'i. 2 Vols. Jlcdiuin Svo. 

THE POTTERY OF THE ANCIENTS. 

EGYPTIAN, ASSYKIAN, GREEK, ETRUSCAN, AND ROMAN. 

BY SAMUEL BIRCH, F.S.A. 

Jlctiscd Edition, AYitli coloured Plates and 200 Woodcuts. Medium 8yo. 425, 
Uniform tvith “Marryat’s Modern Pottery.” 


MEDIiEVAL LATIN DICTIONARY. 

Based on the AYork of DUCANGE. 

Translated into English' and Edited, M*ith many Additions and Corrections, 
BY E. A. DAYMAN, B.D., 

Prebendary of Sarum, formerly Fellow and Tutor of Exeter College, Oxford ' 


Small 4to, 
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MB. MUBBAT’S LIST OF FOETHCOMINO WOEES. 


HANDBOOK TO THE CATHEDRALS OF 
LLANBAFF, ST. DAVID’S, BANGOR, & ST. ASAPH. 

BY R. J. KING, B.A. 

AVith Ilhustrations, Crown 8vo. 15s, raidij, 

♦ 

HUME’S HISTORY OF ENGLAND TO THE 
REVOLUTION OF 1088. 

A NEW LIBRAin^ EDITION. Annotated and Revised. 

During tlie hundred and ten years which have jtassed since the completion of llume’!> 
great work, no successful attempt has Been made to supersede it as the standard History 
of Fmgland. “We all fall back u]um Hume’’— says Dean Hook — “notwithstanding 
his many shortcomings and lamentable faults.” To snp])ly those shortcomings and 
amend those faults, and so to bring Hume’s work up to the existing state of hi.storical 
science, is the object of the present undertaking. 

The whole work, whether of revision or re-writing, will he based on the original 
aiithoiities. The publication of our ancient Chronicles and our National Records, now in 
progress under the care of the Master of the Rolls, through the hands of very abh^ 
Editors, offers new facilities for such an undertaking. 

It is proposed to complete the History, as far as it was carried by Hume, distri- 
buted as follows 

I. —From the Earliest Times to the End of the Plantaoenet Line, 

3 Vols. 

II. — The Tudor Ace. 2 Vols. 

III. —The Stfavart Age. 2 Vols. 


8vo. 

Uniform with “Murray’s British Classics.” 

I 


METALLURGY ; 

THE ART OF EXTRACTING METALS FROM THEIR ORES, 
AND ADAPTINCi THEM TO VARIOUS PURPOSES OF MANUFACTURE. 
BY JOHN PERCY, M.D., F.R.S, 

Lecturer on Metallurgy at the Government School of Minos. 

VOL. L— FUEL, WOOD, COAL, COPPER, ZINC, &c. 

Neiv Edition. AVith Illustrations. 8vo. 


A DICTIONARY OF ENGLISH HISTORY. 


One Volume. Medium 8vo. 


ME. MUEEAT’S LIST OF FOETHCOMING WORKS. 


THE STUDENT’S 

MANUAL OF ECCLESIASTICAL HISTORY. 

Post 8vo. 

Uniform willi llio “Student’s Hume.” 


THE ARCH/EOLOGY OF ROME. 

BY JOHN HENRY PARKER, C.B., 

Iloii M..\. Oxon, l'\S A I.ond. 

With liluHlrations. 3 Ahils. Svo. 


BOSWELL’S LIFE OF SAMUEL JOHNSON. 

Edited -with Notes 

BY THE RIGHT HON. J. W. CROKER. 

'new ami carefully lie vised Lihrary Edition. 

With Portiait.s. 4 vols. Svo. 


MAETZNER’S ENGLISH GRAMMAR. 

A MKTttUDiCAL, AXAI.YTK’A 1,, AND UlsroniCAL TUEATISE ON 

THE OKTIIOGPAPIIY, PPOSODY, INFLECTIONS, AND SYNTAX OF 
THE ENGLISH TONGUE. 

TllANSLATLD FROM TJIF (IF.RMAX 

BY CLAIR J. GRECE, LL.B., 

Member of the Philologieal Society. 

3 VoU. 8 VO. 


HANDBOOK FOR TRAVELLERS IN ALGERIA, 

WITH SOME ACCOUNT OF THE CLIMATE, Ac., AND ITS FITNESS 
FOR WINTER RESIDENTS AND INVALIDS. 

JIaps and Flaiis. I’o&t Svo. 


A SMALLER HISTORY OF FRANCE. 

With Woodcuts. 16mo. 

Uniform with Dk. Wm. Smith’s ‘‘Smaller Histories of Greece, Pome,” &c. 



ME. MUEEAY’S LIST OF FOETHOOMING- WOEKS. 


THE PROSE AND POETICAL WORKS OE 
LORD BYRON. 

WITH NOTICES OF HIS LIFE. liv THOMAS MOOKE. 

With ITotes by Scott, Jeffrey, AVilsox, GiFFOJii), Craube, Heber, Lockhart, &c. 
New Edition. AVith Illiistratioiis. 2 A"ols. Royal 8vo. 156*. 

HANDBOOK TO THE ENVIEONS OF LONDON. 

A GUIDE TO ALL THE PLACES OF INTEREST AVITIIIN 
TAVENTY MILKS OF THE METROPOLIS. 

Post 8vo. 

♦ 

HANDBOOK FOR YORKSHIRE, 

DONCASTER, HULL, SKIJ’.Y, I5EVERLEV, SCARP.URODGH, AVHITIIY, 
HARROGATE, RIFON, LEEDS, WAKEFIELD, liRADEORD, 
HALIFAX, HUDDERSFIELD, SHEFFIELD. 

New Edition. !Mnp and Plans. Post 8vo, 

■■ — -o — 

HANDBOOK FOR DURHAM & NORTHUMBERLAND, 

NEWCASTLE, DARLINGTON, BISHOP AUCKLAND, STOCKTON, 
HARTLEPOOL, SUNDERLAND, SHIELDS, lUHlWlCK, TYNEMOUTH, 
ALNAYICK. Ncio Edition. Alap. Post Svo. O.v. 

HANDBOOK FOR SCOTLAND, 

EDINBURGH, MELROSE, KELSO, GLASGOAV, DUMFRIES, AYR, STIRLING, 
ARRAN, THE CLYDE, OBAN, INVEUARY, I.OCH LOMoND, LOCH 
KATRINE k TROSACHS, CALEDONIAN CANAL, INVERNESS, PERTH, 
DUNDEE, ABERDEEN, BRAEMAR, SKYE, CAITHNESS, ROSS, AND 
SUTHERLAND. 

New Edition. Maps and Plans, Post Svo. 10^. 

HANDBOOK FOR FRANCE, 

NORMANDY, BRITTANY^ THE FRENCH ALPS, DAUPH1NY^ 
PROVENCE, AND THE PYRENEES. 

New Edition. Ma])s. T’o.st Svo. 

^ 

HANDBOOK FOR SOUTH ITALY AND SICILY, 

TWO SICILIES, NAPLES, POMPEII, HERCULANEUM, VESUVIUS, ABKUZZI, 
THE ROUTE TO BRINDISI, &c. New Edition. Maps. Post Svo. 



AlbemaPwLe Street, 
JiUic^ 1873 . 


MR. MURRAY’S 

EASTER LIST OF NEW WORKS. 


A COMMENTARY ON THE HOLY BIBLE. 


EXPLANATORY AND CRITICAL, 

NVITII A REVISION OF THE TRANSLATION 


By bishops ANJJ CLERGY of the ANGLICAN CHURCH. 


Edited by F. C. COOK, Canon of Exeter. 
^Modiuni Svo. 

Vul. 1. 305., \i>\. II. 20,s-, Vol. HI. 105. 
C(K\TL\\T;S: 


GFNESTS-Ersiior of Ely. 

EXODUS — Canon Cooic and Uev. 
Samuel Clark. 

LEVITICUS— Rev. Samuel Clark. 
NUMBEUS-Canon Esimn & lluv. J. F. 
ThRUI'B. 

DEUTEUONOMY-Canox Espin. 


i JOSHUA— Canon Espin. 

JUDOFS, IIUTH, SAMUEL-Bisuop of 
Baiti AND Wells. 

KINGS, CHBONICLES, EZIIA, NKIIE- 
]\nA]I, AND ESTHEK—C ANON Kaw- 
LIN.'^ON. 


THE EXPRESSION OF THE EMOTIONS IN 
MAN AND ANIMALS. 

Ta' CHARLES DAIUYIY, F.11.S. 

Sfli TIwHsaml With Illustrations. Crown Svo. 125. 


HISTORY OF THE CHRISTIAN CHURCH. 

From the Death of Boniface YIIL to the Reformation, 1303—1517. 
By J. CRAIGIE ROBERTSON, M.A., 

Canon of Canterbury, Professor of Ecclesiastical History, King’s Coll, JLiOndon, 

Vol. IV., Completing the AVork. 8vo. 185. 
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MB. MUBBAY’S EASTEB LIST OF NEW WOBKS. 

THE STATE OF SOCIETY IN FRANCE BEFORE 
THE REVOLUTION OF 1789, 

AND ON THE CAUSES 'WHICII LED TO THAT EVENT. 

By ALEXIS DE TOCQUEVILLE, 

Member of the French Academy. 

Translated by HENRY REEVE, D.C.L. 

Kc%v jRcviscd Editiov, containing Seven Additional Cliaptt'rs. 8vo. 145. 
Uuiforni with Dc Toccpicvillc’s “Democracy in America.” 


LETTERS, LECTURES, AND REVIEWS. 

Also ihe PHRONTISTEUION, or O.VFOED i\ the 19tu CENTURY. 

By H. L. ^IANSEL, D.D., 

Late Doan of St PanTs. 

8 VO. 125. 


AN ADDRESS, 

DELIVERED IN LIVERPOOL COLLECE. 

By the bight HON. W. E. GLADSTONE, M.P. 

With an Intkoduction and Illustkative Pa.ssaces. 
Uh Edition. 8vo. Is. 6t7. 


THE GALLICAN CHURCH; 

FROM THE CONCORDAT OF BOLOGNA, 1516, TO THE REVOLUTION. 

WITH AN INTRODUCTION. 

By W, HENLEY JERVIS, M.A., 

Prebendary of Ileytesbury, and Author of the Student’s History of France.” 

With Portraits. 2 Vols. 8vo. 28s. 


HISTORY OF SICILY TO THE ATHENIAN WAR. 

WITH ELUCIDATIONS OF THE SICILIAN ODES OF PINDAR. 

By W. WATKISS LLOYD. 

With a Map. 8vo. 145. 



MR. MURRAY’S EASTER LIST OF NEW WORKS. 
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JOURNEY TO THE SOURCE OF THE OXUS. 

By CAI’T. JOHN WOOD. 

"With an Essay on the GKoaKAPiiv of the Valley of the Oxhs, 

By colonel HENRY YULE, C.B. 

Third Edition. AVitli Maps. 8vo. 12s. 


RECORDS OF THE ROCKS; 

A SEUIES OF NUl'ES ON 

THE GEOLOGY, NATURAL TITSTORAL AND ANTIQUITIES OF NORTH 
AND SOUTH WALES, DEVON, AND C'ORNWALL. 

By rev. W. S. SYMONDS, F.G.S. 

With numerous Illustrations. Crown Svo. 126’. 


TRAVELS IN THE EASTERN CAUCASUS, 

On tiik CASPIAN a.ni> BLACK SEAS, DAGHESTAN, and tiik FRONTIKBS 
(IF PERSIA AM> TURKEY in 1871. 

By LIEUT.-OEN. SIR ARTHUR C’UNYNGHAME, K.C.B. 

AVitli [Map ami Illustrations. Svo. 186*. 


THE LETTERS AND JOURNALS OF THE LATE 
EARL OF ELGIN, VICEROY OF INDIA, &c. 

Edited by THEODORE WALROND, C.B. 

AVith a Pkkface by thf DEAN OF WESTMINSTER. 

Second Edition. Svo. 14.s\ 


HISTORY OF THE ROYAL ARTILLERY. 

COMPILED FROM THE ORIGINAL RECORDS. 

By CAPT. FRANCIS DUNCAN, R.A., 

Superintendent of the Ilogimontal Records, 

VOL. L TO THE PEACE OF 1783. 

With Frontispiece. Svo. 15s. 
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MB. MVBRAT8 EASTER LIST OF NEW WORKS. 


THE CICERONE; 

Ok, ART-GUIDE TO PAINTING IN ITALY. 

FOR THE USE OF TRAVELLERS. 

By Db. JACOB BUBCKHARBT. 

I'oat 8 VO. 6^. 


AT HOME WITH THE PATAGONIANS. 

A YEAR’S WAKDERIXGS OVER UNTRODDEN GROUND FROM THE 
STRAITS OF MAGELLAN TO THE lilO NEGRO. 

By Capt. G. ClIAWOllTII MUSTERS, R.N. 

Nciv and Poindar Edition. 'Witli ^lap ami Illustrations. Post Svo. 7s. 
Forming the New Yolumc of Murray's Series of Popular Travels and Adventures.” 


NOTES OF THOUGHT. 

By titf. datr CHARLES BUXTON, M.P. 

With a Biographical Sketch. By REV. LLEWELLYN DAVIES, M.A. 
Portrait. Crown Svo. 10s. (jd. 


ANCIENT HISTORY, 

FROM THE CREATION TO THE FALL OF THE WESTERN EMFIRE, 

A. I). 14.55. 

By PHILIP SMITH, B.A., 

Author of “Student’s Old and New Testament History.” 

Fourth Edition. 3 Vols. Svo, 31.s’. Go?. 

A substitute for Ilollin’s now antictuated History. 


THE CONSTITUTION AND THE PRACTICE OF 
COURTS MARTIAL, 

AVitli a Summary of tho Law of Evidence, and some Notice of the Criminal Law of 
England with reference to tlic Trial of Civil Offences. 

By Capt. T. F. SIMMONS, K.A., 

The late Deputy Judge Advocate. 

^xth Edition^ revised and brought down to 1873. Svo. 15s. 
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MR. MURRAY'S EASTER LIST OF JSEW WORKS. 

ARISTOTLE. 

By (JEORGE GROTE, E,R,S. 

Elited by ALEXANDER RAIN, LL.D., and 0. CROOM ROBERTSON, MA. 
2Yok 8vo. 32s’. 


NARRATIVE OF THE FIRST EXPLORATORY 
JOURNEY TO HIGH TARTARY, 

YARK.IND, K.VSIICAI!, AND OVER THE K VRAROIiUM PASS. 

I'.y ROBERT SHAAY, 

Cuiiiiiiissionoi m Ti.olak 
AVitli ^laps :\iul Illustrations. Svo. Ids’. 

THE ADMINISTRATION OF JUSTICE UNDER 
MILITARY AND MARTIAL LAW. 

Bv ClfARLES M. GLOBE, 

Of the luncT Teiiivlc, B.iirihter-.it-Luv, .vnd Solicitoi to tlic “ "W.ir Department.” 

8vo. Vis. 

MOTTOES FOR MONUMENTS. 

A SEI.EC'TION OF EFITAI’IIS FOR (iENERAL STUDY AND APPLK'ATUiN. 
By F. a Al. A. PALLISER. 

AVitii IiJ.r.sT rations from Fiaxmvn and oniEiTs. 

Crown Svo. 75. GfA 

AN ATLAS OF ANCIENT GEOGRAPHY, 

BIBLICAL AND CLASSICAL. 

COMI’ILFD UNDFll THE SUl’ERlNTr.NDENCE OF 

DR. WILLIAM SMITH and MIL GEORGE GROVE. 

Parts I. and II. With 8 Haps each. Folio. 2l5. each. 
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MR. MURRATS EASTER LIST OF NEW WORKS. 


THE HISTORY OF BRITISH COMMERCE, 

AND OF THE PROGRESS OF THE NATION, FROM 1763 to 1870. 

By professor LEONE LEVI, F.S.A., 

l)arrister-at-Law, Professor of the Principles and Practice of Oummcico and Commercial Law, King’s 

College, London. 

an Index. 8vo. 16s. 


THE CHOICE OF A DWELLING; 

A PRACTICAL HANDBOOK OF USEFUL INFORJIATION ON ALL POINTS 
CONNECTED WITH A HOUSE. 

By GERVASE WHEELER. 

Third Edition. With Woodcuts and Plans. Post 8vo. Is. iod. 


THE BOOK OF MARCO POLO, 

CONCERNING THE KINGDOMS AND MARVELS OF THE EAST. 

A new English Version. ' Illustrated by the Light of Oriental Writers and ilodcrn Travels. 

By COLONEL HENRY YULE, C.B., 

Late of the Royal Kngmccis (Bougal). 

With 20 Maps and Plates, and 80 Illustrations. 2 Vols. Medium 8vo, 42s. 


LETTERS OF ALEXANDER POPE. 

Written to Lord Orrery, Jervas, Broome, Fenton, Imrd Oxford, Lord Bathurst, 
Faulkner, Mrs. Whiteway, &c. &c, Nevkii Before Puuijshkj), 

* With Portrait. 8vo. 10s. 6d. 

FoilMIKO VOL. VIII. OF ElWIN’s EDITION OF POTe'S WoilKS. 


ETRUSCAN INSCRIPTIONS. 

ANALYZED, TRANSLATED, AND COMMENTED UPON. 

By the earl OF CRAWFORD AND BALCAllRES. 

8 VO. 12s. 


LIFE AND TIMES OF 
THE REV. DR. COOKE, OF BELFAST. 

By rev. J. L. porter, D.D., 

Author of “ Five Years in Damascus,” “ Tho Handbook for Syria and Palestine." 
Second Edition. With Portraits. 8vo. Us. 



MR. MURRAY’S EASTER LIST OF NEW WORKS. 


15 


HISTORY OF THE REIGN OF QUEEN ANNE 

UNTIL THE PEACE OF UTRECHT, 1701-13. 

By earl stanhope. 

Cabinet Edition^ with Portrait of tlie Author. 2 V^ols. Post 8vo. IO 5 . 


THE RUDE STONE MONUMENTS OF ALL 
COUNTRIES: 

TUKIK AGE AND G.SES. 

By JAHES EEROUSSON, IXC.L., F.R.S., 

Author of “ 'ilie History of Arobitocturc." 

With 230 Illustrations. JMcdium Svo, 24*?. 


LIFE AND TIMES OF ST. CHRYSOSTOM. 

A SKETCH Ob' TiiK (CHURCH and tiik EMl'IRE in the EOUllTII CENTURY, 
By rev. W. R. W. STEPHENS, M.A., 

Balliol Coll., Oxon, Vicar of Mid-Lavant, Sussex. 

AVith Portrait. Svo. 15.v. 


A NEW AND POPULAR EDITION OF 

THE WORKS OF GEORGE BORROW. 

I. -THE GYPSIES OP SPAIN. 

II. -THE BIBLE IN SPAIN. 

III. -LAVENGEO. 

IV. ~THE ROMANY BYE. 

V.— WILD WALES. 

With Portrait. 5 vol.s. Post Svo. 5.s. eadi. 

Each Volume may he luul separately. 


THE RESULTS OF CHRISTIAN MISSIONS 

IN INDIA. 

By sir BARTLE FRERE, G.C.S.I., K.C.B., D.C.L. 

Small Svo, 25. Qd, 
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MR. MURRAY’S EASTER LIST OF NEW WORKS. 

A 


DR. WM. SMITH’S ENGLISH COURSE. 

A PRIMARY “HISTORY OF BRITAIN, FOR 
ELEMENTARY SCHOOLS. 

By rHILir SMITH, B.A., 

Author of “ lli.story of the Audont World.’* 

12mo. 2.S’. Qd. 

“This book is a riimaiy History in no narrow sense. It is an honest attempt to 
exhibit the leadin'^ facts and events of our histoiy, free from ])ulitieal and sectarian bias, 
and therefore will, it is hoped, be found suitable for schools in ^Yhich children of various 
denominations arc tauglit.”— iVe/hre. 


A SCHOOL MANUAL OF ENGLISH GRAMMAR: 

WITH COPIOUS EXEU(!LSi:s. 

By DK. mi SMITH, D.I.'.L., axd PROFESSOR D. HALL, M.A. 

To.st 8 VO. 3 S’. Cxi. 

The distinctive features of tliia vork mo : — 1. The waiters have aimed throu<4iout to make it 
a really scrviccahle workin.i* school-book. 2. It ])iescnt.s a more comjdete and SYstiunatie 
treatiumit of EnglHi Syntax. 3. Kxampb's munuractiued for the occasion have bceii avoided. 
4. In addition to Granjinar, oy Helations of Hnglish to other Language!:* 

— -rrosody— and runetuatioii. 


A PRIMARY ENGLISH GRAMMAR FOR 
ELEMENTARY SCHOOLS. 

WITH E.VEUCTSES AND (JUESTIOXS. 

Bv T. D. HALL, M.A. 

IGmo. iv. 

“This little book is not an abridgment of tlie Si-hool Mannnl of Fjnglish Grammar, hut a 
distinct work. Every sentence in it has been franu'd w'ith a view to the capaidty and iciiuire- 
ments of young children, from about seven or eiglit years of age.” — rreface. 


A SMALLER SCRIPTURE HISTORY, 

AnEANGED IN TTIIIEE P AllTS 

I. OLD TESTAMENT IIISTOllY. 

IL CONNECTION OE OLD AND NEW TESTAMENTS. 
III. NEW TESTAMENT HISTORY TO a.d. 70. 


Edited by WM. SMITH, D.O.L. 

With 40 Illustrations (370 ])p.). One Volume, lOmo. 3i\ 


“The Clergy and Biblical Students well 
know the great value of Dr. Smith’s larger 
History. To bring the leading portions of 
that work within the means of Young IVi-sons, 
‘A Smaller Scripture History* has been 
issued. This abridgment omits nothing of 
vital importance, and is presented in such a 


handy form tliat it cannot fail ta become a 
valuable aid to the less learned Bible Student. 
Dr. Win. Smith’s labours are so well known 
that it is unnecessary to add more than that 
he has produced the best modern book of its- 
kind on the best hook of all days and all 
time .*' — Veoplds Magazine. 


BRADBURY, AGSEW, & CO., PRINTERS, WHITEFRIARS. 










